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FARRIS 


SEMICONDUCTOR 


e¢ Call 1-800-4HARRIS (1-800-442-7747) 
e Internet: http://Awww.semi.harris.com 


First Name Last Name 
(PLEASE PRINT) (PLEASE PRINT) 
Title Company 
Address 
City State Zip 
Phone Fax 


Reply for More Information! 


e AnswerFAXx: 


LJ Add my name to your mailing list. 


1. Do you have access to CD-ROM capabilities? 


LJ at Work J At Home LJ No 

2. Do you have access to the Internet? 
LJ at Work LJ At Home LJ No 

3. What is your preferred source of product data sheets? (Select one) 
(J Data Books LJ CD-ROM LJ internet 


LJ AnswerFAX 


Book, or both? 
J CD-ROM Book 


Which category best describes your primary end market? (Select One) 


1100 Video/Imaging 
1101 - Desktop Multimedia 
1102 - Prof/Broadcast Video 
1103 - Medical Imaging 
1104 - Cable TV 
1105 - Video Conferencing 
1199 - Other Video/Imaging 
1200 Wireless Communication 
1201 - Base Stations 
1202 - Wireless LAN/PCS/PB 
1203 - Handset/Terminals 
1204 - Satellite Communication 
1205 - Wireless Local Loop 
1299 - Other Wireless Comm. 
1300 Government/Military 
1301 - Space 
1302 - Guidance/Control 
1303 - Radar 
1304 - Communications 


Which best describes your job 
function? (select one): 
LJ Consultant 


LJ Corporate/Operating Management 
LJ Documentation 

LJ Education 

LJ Engineering 

LJ Manufacturing 

LJ Marketing 


_J Printed Book 


(_] Stand-Alone Data Sheets 
4. Would you prefer to have a CD-ROM Data Book, a printed Data 


LJ Both 


1305 - Avionics 
1399 - General Gov’t/Military 
1400 Telecom 
1401 - PBX or CO Line Cards 
1402 - Fiber-in-the-Loop 
1403 - Wireless Local Loop 
1404 - Fiber Optics 
1405 - ADSL/HDSL 
1406 - Other High Speed Datacomm 
1499 - Other Telecom 
1500 Computers/Peripherals 
1501 - Laptops/Palmtops 
1502 - Desktop PCs 
1503 - Workstation/File Server 
1504 - Disk/Tape Drives 
1505 - Printers/Plotter/Scanner 
1506 - Datacomm 
1599 - General Computer/EDP 


LJ Purchasing 
Lj Quality Assurance 


LJ Sales 
LJ Systems 


What is your primary product 
interest? (select one): 

LJ Analog 

LJ Protection Devices 


LJ Power Control 


1-407-724-7800 
¢ Technical Assistance: 


E-mail centapp @ harris.com 


MI 
M/S 


Country 
E-Mail 


5. Which best describes your current design stage (select one): 


LJ Info Collection 
J Prototyping 


Initial Production 
J Breadboarding 


Design Concept Full Production 
When will your design be finalized? 
Month Year 
7. Expected Annual Volume at full production (select one): 
LJ 4 to 999 5K to 100K 
LJ 1k to 4999 LJ > 100K 


This location has as its primary function (Select one) 


LJ] Manufacturing 
J Both 


[ | 


1600 Transportation/Consumer 
1601 - Power Train 
1602 - Vehicle Control 
1603 - Safety & Convenience 
1604 - Driver Information 
1605 - Entertainment 
1606 - Electric Vehicles 
1607 - Consumer 
1699 - Other Transportation 
1700 Power Supply/Power Mgmt 
1701 - UPS (Uninterruptible Power 
Supplies) 
1702 - AC-DC Power Supplies 
1703 - DC-DC Power Supplies 
1704 - Transmission Lines 
1705 - Utility Substations 
1706 - Panel Boxes 
1707 - General Protection 
1799 - Other Power Supplies/Mgmt 


[_] Converter 

LJ Digital 

LJ DSP 

LJ Telecom 

LJ Rad Hard 

LJ Power Discrete 
LJ Multimedia 
LJ Wireless 


TAPE OR STAPLE 


Design 


1800 Motor Control 
1801 - AC Motors 
1802 - 3 Phase Motors 
1803 - Brushless 
1804 - DC Motors 
1805 - Stepper Motors 
1899 - Other Motor Control 


1900 Industrial Controls & 
Instrumentation 


1901 - Manufacturing System 
1902 - High Speed Instrumentation 
1903 - Handheld Instruments 

1904 - Medical Electronics 


1905 - HVAC 
1906 - Automatic Test Equipment 
(ATE) 
1999 - General Industrial & 
Instrumentation 
2000 Other Electronics, Not 
Listed Above 


Which best describes your job 
responsibility (select one): 
LJ President/Owner 


LJ Vice-President/Director 
LJ Manager/Section Head 
LJ Engineer 
LJ Assistant 
LJ Independent Contractor 


Electronic Technical Support 


cae SEMICONDUCTOR _ Electronic services from Harris Semiconductor offer you the 
most current information possible. 


http://www.semi.harris.com 


e Latest Literature Revisions 
e New Product Listing 

¢ Product Information 

¢ Design Support 

¢ Contact Information 


(407) 724-7800 


e Latest Literature Revisions 
¢ New Product Listing 
e Data Book Request Form 


CENTRAL centapp @harris.com, or 1-800-4HARRIS See our 
Boe APICATIONS ¢ Technical Application Assistance Specs in| 


CAPS 


NO POSTAGE 


NECESSARY 


IF MAILED 
IN THE 
UNITED STATES 


BUSINESS REPLY MAIL 


FIRST CLASS PERMIT NO. 395 KING OF PRUSSIA, PA 


POSTAGE WILL BE PAID BY ADDRESSEE 


Mm HARRIS 


LE seEmicoNDUCTOR 


LITERATURE DISTRIBUTION CENTER 
HARRIS FULFILLMENT INC. 
640 ALLENDALE ROAD 


KING OF PRUSSIA, PA 19406-9757 


FARRIS 


SEMICONDUCTOR 


TECHNICAL ASSISTANCE 


Harris Marketing Support Services (HMSS) 


HMSS provides world-class service to customers requiring information on all products offered by Harris 
Semiconductor. Ask Harris Marketing Support Services for answers concerning: 


e Product Identification ¢ Distributor Stocking Levels 
¢ Availability ¢ Requests for Literature and Samples 
¢ Competitive and Obsolete Cross-Reference 


HMSS services are available from 8:00am to 8:00pm EST within the United States, call 1-800-4HARRIS. 
Callers from outside the United States, dial (407) 727-9207. 


HMSS is the initial contact for customers who need technical assistance with the selection and use of 
our products. Callers have the option to be connected directly to the Central Applications Group. 


Central Applications 


Ask our experienced staff of engineers for assistance with: 


¢ Device Selection 
¢ Specification Interpretation 
e Applications for Any Harris Product 


Central Applications serves you Monday through Thursday 8:00am to 7:00pm and Friday 8:00am to 
5:00pm EST within the United States, call 1-800-4HARRIS. Callers from outside the United States dial 
(407) 727-9207. 


Central Applications’ knowledge of our portfolio can provide you with a total system design solution 
using the latest Harris devices! 


Electronic Technical Support 
Electronic services from Harris Semiconductor offer you the most current information possible. 
° : http://www.semi.harris.com 
www.semi.harris.com faa 
oO e Latest Literature Revisions 
Ee] ¢ New Product Listing 
e Product Information 
¢ Design Support 
¢ Contact Information 


(407) 724-7800 


¢ Latest Literature Revisions 
¢ New Product Listing 
¢ Data Book Request Form 


See our 


CENTRAL centapp @harris.com SpeCs in 
APPLICATIONS 
EMAIL 


e Technical Application Assistance C APS 


$5.00 


MICROPROCESSOR PRODUCTS 


In the ever-changing IC marketplace, Harris Semiconductor has made a strong 
business commitment to continue servicing mature CMOS products and technologies. 
As always, we will supply mature, standard architecture microprocessor families for 
markets including cellular communications, PABX, networking systems, EDP 
peripherals, medical and avionics instrumentation. 


Harris Semiconductor aggressively expands its product portfolio to incorporate the 
latest technological advances. The latest packaging styles are adopted and wafer 
fabrication processes are updated continuously to provide the greatest value to our 
customers. 


When the market demands higher performance and lower-cost solutions, Harris’ proven 
technology is integrated in unique ways for customer applications. The 80C286 is an 
example of advanced, high-performance technology finding new homes in embedded 
applications, previously the purview of 4- and 8-bit microcontrollers. 


The Harris Semiconductor microprocessor product families include: 
e 16-bit microprocessors in the X86 architecture (80C86, 80C88, and 80C286) 
¢ 8-bit microcomputers (CDP1802, CDP1805, CDP1806) 


Broad selection of peripheral support devices (82CXX and CDP18XX) 


e Data communications (general purpose UARTs, Manchester 
Encoder/Decoders, ARINC 429 interface) 


e CMOS RAMs up to 64K bit 
4K and 16K CMOS PROMs 


Military-grade versions of all devices 


Other Harris Semiconductor advanced digital product lines include the CDP6805 
Microcontroller family and a brand new line of Digital Signal Processing (DSP) 
products. Both families are fully covered in their respective data books available from 
the nearest Harris sales, representative, or distributor office; or from our literature 
department (see previous page). 


All Harris Semiconductor products are manufactured, assembled and tested under IS09000 quality systems certification. 


Harris Semiconductor products are sold by description only. Harris Semiconductor reserves the right to make changes in circuit design and/ 
or specifications at any time without notice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. 
Information furnished by Harris is believed to be accurate and reliable. However, no responsibility is assumed by Harris or its subsidiaries for 
its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by implication 


or otherwise under any patent or patent rights of Harris or its subsidiaries. 


Ga HARRIS 


SEMICONDUCTOR 


MICROPROCESSOR 


FOR COMMERCIAL AND MILITARY APPLICATIONS 


General Information Va 
Military Programs ae 


CMOS Microprocessors 


CMOS Peripherals ae 


CMOS Data Communications coe 


CMOS Memory 6 
Application Notes 


Harris Quality and Reliability By 


Packaging Information epee 


Harris’ On-Line Services qk 


Sales Offices aoa 
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80C286 
80C286/883 
80C86 
80C88 
82C237 
82C284 
82C37A 
82C50A 
82C52 
82C54 
82C55A 
82C59A 
82C82 
82C83H 
82C84A 
82C85 
82C86H 
82C87H 
82C88 
82C89 
CDP1802A 
CDP1802AC 
CDP1802AC/3 
CDP1802BC 
CDP1805AC 
CDP1806AC 
CDP1821C/3 
CDP1822 
CDP1822C 
CDP1822C/3 
CDP1823 


CDP1823C 


Alpha Numeric Product Index 
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UMGS £716 Bi MICFODIQCESSO! occ acc ced ee eens bene s eee eh SEN ERE SEGRE Eee eR Dee ewe 3-176 
CMOS High Performance Programmable DMA Controller ............... 0.0.00 cece eens 4-148 
Clock Generator and Ready Interface for 80C286 Processor ..............00 00 ee eee eee 4-173 
CMOS High Performance Programmable DMA Controller ............ 0.00000 eee eee eee 4-192 
CMOS Asynchronous Communications Element ............. 0... ccc cece eee eect eee 5-3 
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CMOS 8-Bit Microprocessor with On-Chip RAM+ and Counter/Timer ..................... 3-38 
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Military Grade Product Offerings 


Harris High Reliability Products are offered in the following 
Military grades. All JAN SMD and Harris Class B are pro- 
cessed per MIL-PRF-38535 requirements. 


e JAN (Joint Army Navy) 


Registered trademark of the U.S. Government indicating that 
a device is fully compliant to MIL-PRF-38535. The Defense 
Supply Center (DSCC) periodic audits of manufacturers for 
compliance to the MIL-PRF-38535 requirements. Manufac- 
turers compliant to this specification operate to a Quality 
Management Plan that is approved by the DSCC organiza- 
tion. Approved manufacturers are listed on a Qualified Man- 
ufacturer Listing (QML). JAN products produced by these 
manufacturers are contained in the QML-38535-5 document. 
An example specification format for a JAN device is 
“M38510/29104BJA”. 


e SMD (Standard Military Drawing) 


The SMD originally evolved from the DESC drawing program 
which was viewed as a preliminary specification prior to the 
approval of the JAN version of a product. SMD’s were cre- 
ated to control the proliferation of non-standard Source Con- 
trol Drawings (SCD’s). In 1993, the Government 
standardized all new military drawings to the SMD format. 
Harris SMD’s are produced in accordance with MIL-PRF- 
38535 and operate to a DSCC approved Quality Manage- 
ment Plan. Approved SMD manufacturers are listed on a 
Qualified Manufacturer Listing (QML). The manufacturers 
SMD product listing is contained in MIL-HDBK-103. An 
example specification format for a SMD device is “5962- 
8757701RA”. 


e Harris Class B 


These devices are fully compliant to MIL-PRF-38535 and 
are identified by the /883 or 13A suffix on the Harris part 
number. The parametric limits for an /883 or 13A data sheet 
are controlled by the manufacturer rather than a governmen- 
tal agency, and therefore, there may be differences in the 
test methodology and actual limits for “similar” devices made 
by different manufacturers. 


¢ Harris Class B “Equivalent” 


These devices are processed and tested in a manner 
equivalent to the MIL-PRF-38535 devices. They may not be 
classified as compliant since government standards have 
not been established for processing these types of compo- 
nents (e.g. Ram Modules). The Class B “Equivalent” prod- 
ucts can be identified by the -8, /B, or /3 suffix on the Harris 
part number. 


Non-Standard Product Offerings 


Harris understands the need for customer generated Source 
Control Drawings with non-standard parameter and/or 
screening requirements. A Customer Engineering Depart- 
ment is responsible for efficiently expediting the SCDs 
through a comprehensive review process. Our Customer 
Engineering Group compares the SCD to its closest 
equivalent product grade and works closely with the Product 
Engineer, Manufacturing Engineer, Design Engineer, or 
applicable individual to compare Harris’ screening ability 
against the customers non-standard requirement(s). For 
products processed to non-standard requirements, a unique 
part number suffix is assigned. 


Harris shares the military's objective to utilize standards 
wherever possible. We recommend using our SMD data 
sheets as guidelines for generating new Source Control 
Drawings. In instances where an _ available military 
specification or Harris SMD data sheet is inappropriate, it is 
Harris’ sincerest wish to work closely with the customer in 
establishing an acceptable procurement document. For this 
reason, the customer is requested to contact the nearest 
Harris Sales Office or Representative before finalizing the 
Source Control Drawing. Harris looks forward to working 
with the customer prior to implementation of the formal 
drawing so that both parties may create a mutually accept- 
able procurement document. 
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Harris MIL-PRF-38535 JAN-SMD-/883 
Part Number Listing 


HARRIS PART # JAN PART # SMD/DESC PART # /883 PART # 


MICROPROCESSOR PRODUCTS 
MG80C286-12 5962-9067802MXC MG80C286-12/883 
5962-9067801MXC MG80C286-10/883 


MG80C286-10 

MD80C86 8405201QA 
MR80C86 
MD80C86-2 
MR80C86-2 
MD80C88 
MR80C88 
MD82C237 
MR82C237 
MD82C237-12 
MR82C237-12 
MD82C284-10 
MD82C284-12 
MD82C37A 
MR82C37A 
MD82C37A-12 
MR82C37A-12 
MD82C37A-5 
MR82C37A-5 
MD82C52 
MR82C52 
MD82C54 
MD82C54-12 
MR82C54 
MR82C54-12 
MD82C55A 
MR82C55A 
MD82C55A-5 
MR82C55A-5 
MD82C59A 
MR82C59A 
MD82C59A-5 
MR82C59A-5 
MD82C82 
MR82C82 
MD82C83H 
MR82C83H 
MD82C84A 


a 
5962-8601601QA rd 
5962-8601601XA Pa 
5962-9054304MQA as 
5962-9054304MXA Da 
5962-9054305MQA Po 


MD82C284-10/883 
MD82C284-12/883 


5962-9054302MQA 
5962-9054302MXA 
5962-9054303MQA 
5962-9054303MXA 
5962-9054301MQA 
5962-9054301MXA 
8501501XA 
85015013A 
8406501JA 
8406502JA 
84065013A 
84065023A 
8406602QA 
8406602XA 
8406601QA 
8406601XA 
5962-8501602YA 
5962-85016023A 
5962-8501601YA 
5962-85016013A 
8406701RA 
84067012A 
8406702RA 
84067022A 
8406801VA 


Harris JAN-SMD-/883 Part Number Listing continues) 


SMD/DESC PART # /883 PART # 


HARRIS PART # JAN PART # 


MICROPROCESSOR PRODUCTS (Continued) 
MR82C84A 


84068012A 


MD82C86H-5 


5962-8757701RA 
5962-87577012A 
5962-8757702RA 


DATA COMMUNICATION PRODUCTS 
HD1-15530 

HD4-15530 

HD1-15531 

HD1-15531B 

HD1-4702 

HD1-6402B 

HD1-6402R 

HD1-6409 

HD4-6409 

HS1-3182 

HS4-3182 

HS1-3282 

HS4-3282 

CMOS MEMORY PRODUCTS 
1K CMOS STATIC RAMs 
HM1-6508 

HM1-6508B 

HM1-6518 


5962-87577022A 
8406901RA 
84069012A 
5962-8552801RA 
5962-85528012A 


7802901JA 

78029013A 

5962-9054901MQA 
5962-9054902MQA 
5962-9051801MEA 
5962-9052502MQA 
5962-9052501MQA 
5962-9088801MRA 
5962-9088801M2A 


HD1-15531/883 
HD1-15531B/883 
HD1-4702/883 
HD1-6402B/883 
HD1-6402R/883 


MILITARY 
PROGRAMS 


HD1-6409/883 
HD4-6409/883 
Pending 
Pending 
5962-8688001QA 
5962-8688001XA 


HM1-6508/883 
HM1-6508B/883 
HM1-6518/883 
HM1-6518B 
HM1-6551 
HM1-6551B 
HM1-6561 


HM1-6518B/883 
HM1-6551/883 
HM1-6551B/883 
HM1-6561/883 


HM1-6561B HM1-6561B/883 
4K CMOS STATIC RAMs 
HM1-6504 

HM1-6504B 

HM1-6504S 

HM1-6514 

HM1-6514B 


HM1-6514S 


8102405VA 
8102403VA 
8102401VA 
8102406VA 
8102404VA 
8102402VA 


HM1-6504/883 
HM1-6504B/883 
HM1-6504S/883 
HM1-6514/883 


M38510/24501BVA 


HM1-6514B/883 
HM1-6514S/883 


M38510/24502BVA 


ine) 
N 


Harris JAN-SMD-/883 Part Number Listing Continued 


HARRIS PART # JAN PART # SMD/DESC PART # /883 PART # 
16K CMOS SYNCHRONOUS STATIC RAMs 


a 
Paces 

16K CMOS ASYNCHRONOUS STATIC RAMs 

HM1-65162 8403602JA 
HM4-65162 8403602ZA 
HM1-65162B 8403606JA 
HM4-65162B 8403606ZA 
HM1-65162C [tsi 8403603JA 
HM4-65162C Roe 8403603ZA 
HM1-65262 8413201RA 
HM4-65262 8413201YA 
HM1-65262B 8413203RA 
HM4-65262B 8413203YA 


64K CMOS STATIC RAMs 
HM1-65642 

HM4-65642 

HM1-65642B 
HM4-65642B 
HM1-65642C 
HM4-65642C 

CMOS FUSE LINK PROMs 
HM1-6617 

HM4-6617 

HM6-6617 

HM1-6617B 

HM4-6617B 

HM6-6617B 

HM1-6642 

HM4-6642 

HM6-6642 

HM1-6642B 

HM4-6642B 

HM6-6642B 


HM1-65162/883 
HM4-65162/883 
HM1-65162B/883 
HM4-65162B/883 
HM1-65162C/883 
HM4-65162C/883 
HM1-65262/883 
HM4-65262/883 
HM1-65262B/883 
HM4-65262B/883 


8552514XA 
8552514YA 


HM1-65642/883 
HM4-65642/883 
M38510/29205BXA HM1-65642B/883 
M38510/29205BYA HM4-65642B/883 
HM1-65642C/883 


HM4-65642C/883 
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Programs Served By Harris 


Tube-Launched, Optically Tracked, Wire-Guided Missile 


Angle Rate Bombing Set 

Advanced Medium Range Air-To-Air Missile 
Advanced Capability (MK-48 Torpedo) 
Position Location and Reporting System 
Joint Tactical Information Distribution System 
Target Acquisition System (MK-23) 
Miniature Vehicle Sensors 

Driver’s Thermal Viewer 

Detecting and Ranging Set 

Fighting Vehicle System (Bradley) 
Helicopter (or Hughes) Night Vision System 
Advanced Optic Adjunct 

Advanced Light Weight Torpedo 

Ground Launched Cruise Missile 

Air Launched Cruise Missile 

Medium Range Air-To-Surface Missile 


Modular Universal Laser Equipment 


Low Altitude Navigation and Targeting Infrared 


Anti-Submarine Warfare 

Multiple Launch Rocket System 
Advanced Self Protection Jammer 
Global Positioning System 

Distant Early Warning 

High Speed Anti-Radar Missile 
Rolling Airframe Missile 

Medium Depth Mine 

Terminal Guidance Small Missile 
Time Division Multiple Access 
Distributed Time Division Multiple Access 
Long Range Search and Track 
Glide Bomb Unit 


Divisional Air Defense 


Field Support Tracked Vehicle 
Integrated Solar Sensor Assembly 
Continuous Motion Gyro for ISSA 
Advanced Warning and Control System 
Forward Looking Infrared 
Ring Laser Gyro Programs 
Tail Warning System 

Space Telescope 

Mariner Series 

MK 46 NEARTIP 

AV8B HARRIER 

F14/A6E SMS 

Bearclaw 

CAINS II 

TAI/MK6 

B1 

F-16 

Phalanx 

Stinger 

Locust 

Sidearm 

Rattler 

Pavetack 

Viking 

Skylab 

Shuttle 

Intelsat 

Spacelab 

Voyager 

Mark 50 

Captor 

Maverick 


Phoenix 
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MILITARY 
PROGRAMS 


MICROPROCESSOR 
PRODUCTS 


CMOS MICROPROCESSORS 
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Comparison of Harris CMOS CDP1800-Series Microprocessors ............. 0... ccc eee eens 3-2 
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CDP1802A, CMOS 6-Bil MICGMOPIOCESSOIS . 6. cs vncdacsecereeteaeeas ves eons eenereeenseaneennes 3-3 
CDP1802AC, 
CDP1802BC ” 
CDP1802AC/3 High-Reliability CMOS 8-Bit Microprocessor............ 00. eee eee ees 3-30 és O 
CDP1805AC, CMOS 8-Bit Microprocessor with On-Chip RAM+ and Counter/Timer ..................055 3-38 2 a 
CDP1806AC o8 
80C286 High Performance Microprocessor with Memory Management and Protection .............. 3-68 a 
80C286/883 High Performance Microprocessor with Memory Management and Protection .............. 3-128 ~ 
80C86 CMOS 16-Bil MICMODIOCESSO! 2. ns cee ctcesedve ese eee cease ee edendeaeeawenewenserenne 3-141 
80C88 COs GIBB MICIODINGOSEO!,, nic ccc eens Neth ewe tHe eeD ETH DEERE RE OH ERED ORENDEES 3-176 
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CMOS Microprocessor Products 


Comparison of Harris CMOS CDP1800-Series Microprocessors 


CDP1802A 
FEATURES CDP1802AC CDP1802BC CDP1805AC CDP1806AC 


Ce 


Timer/Counter Bits 


Prescalers 
Bus Structure 
Yes 


Off-Chip 


Maximum Operating -55°C to +125°C 
Temperature Range (°C) 


Number of Pins, Package 


Serial Interface 


Industry CMOS Microprocessor Cross Reference 


em mm mms moe 
a 


80C286-10 80286-10 
80C286-10 

80C 286-12 80286-12 80286-12 
80C286-12 
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—) 


SEMICONDUCTOR 


CDP1802A, CDP1802AC, 
CDP1802BC 


CMOS 8-Bit Microprocessors 


GD 


March 1997 


Features 


e Maximum Input Clock Maximum Frequency Options 
At Vpp = 5V 
* CUPIBUZA, AC .csecceac ti eenekacaeeenens 3.2MHz 
« COP ISOZBC, cisnnssceecacsobewenen wanes 5.0MHz 


Maximum Input Clock Maximum Frequency Options 
At Vpp = 10V 


ae ag |: 2 | rr 6.4MHz 
Minimum Instruction Fetch-Execute Times 

At Vpp = 5V 

- CDP1802A, AC 

- CDP1802BC 


Any Combination of Standard RAM and ROM Up to 
65,536 Bytes 


8-Bit Parallel Organization With Bidirectional Data Bus 
and Multiplexed Address Bus 


16 x 16 Matrix of Registers for Use as Multiple 
Program Counters, Data Pointers, or Data Registers 


On-Chip DMA, Interrupt, and Flag Inputs 
Programmable Single-Bit Output Port 


91 Easy-to-Use Instructions 


Ordering Information 


Description 


The CDP1802 family of CMOS microprocessors are 8-bit 
register oriented central processing units (CPUs) designed 
for use as general purpose computing or control elements in 
a wide range of stored program systems or products. 


The CDP1802 types include all of the circuits required for 
fetching, interpreting, and executing instructions which have 
been stored in standard types of memories. Extensive 
input/output (I/O) control features are also provided to facili- 
tate system design. 


The 1800 series architecture is designed with emphasis on 
the total microcomputer system as an integral entity so that 
systems having maximum flexibility and minimum cost can 
be realized. The 1800 series CPU also provides a synchro- 
nous interface to memories and external controllers for I/O 
devices, and minimizes the cost of interface controllers. Fur- 
ther, the I/O interface is capable of supporting devices oper- 
ating in polled, interrupt driven, or direct memory access 
modes. 


The CDP1802A and CDP1802AC have a maximum input 
clock frequency of 3.2MHz at Vpp = 5V. The CDP1802A and 
CDP1802AC are functionally identical. They differ in that the 
CDP1802A has a recommended operating voltage range of 
4V to 10.5V, and the CDP1802AC a recommended operat- 
ing voltage range of 4V to 6.5V. 


The CDP1802BC is a higher speed version of the 
CDP1802AC, having a maximum input clock frequency of 
5.0MHz at Vpp = 5V, and a recommended operating voltage 
range of 4V to 6.5V. 


PART NUMBER 
5V - 3.2MHz 5V - 5MHz TEMPERATURE RANGE 


CDP1802ACE CDP1802BCE 
CDP1802ACEX |CDP1802BCEX 


CDP1802ACDX CDP1802BCDX 


-40°C to +85°C 


-40°C to +85°C 


PDIP 


Burn-in 


CDP1802ACQ CDP1802BCQ -40°C to +85°C PLCC N44.65 


SBDIP 


Burn-in 


D40.6 
D40.6 


CMOS 
uPROCESSORS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 3-3 
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File Number 


CDP1802A, CDP1802AC, CDP1802BC 


Pinouts 


40 LEAD PDIP (PACKAGE SUFFIX E) 
40 LEAD SBDIP (PACKAGE SUFFIX D) 
TOP VIEW 


DMA IN 


SRF ES 
INP cs2 
CS1 


DATA CS1 


CDP1852 CcS2 
OUTPUT 
PORT CLOCK 


DMA OUT 
INTERRUPT 


44 LEAD PLCC 
(PACKAGE TYPE Q) 
TOP VIEW 


LEAR 
MA-IN 


wT | WAIT 


| Sci 
ay jQ 
|_| DMA-OUT 


wf] CLocK 
=] INTERRUPT 


oa 

>t | 
=f }NC 
£7] Vop 
$l 
a 

ba 


SCOt]7 39 [7] MWR 

MRD 38 [7] TPA 
BUS 7[19 37 [] TPB 
BUS 6 [) MA7 
BUS 5[ | MA6 

NC TI NC 

BUS 4T | MA5 
BUS 3[ | MA4 
BUS 2T | MA3 
BUS 1[ 7] MA2 
BUS 0 [7] MA1 


ADDRESS BUS 


FIGURE 1. TYPICAL CDP1802 SMALL MICROPROCESSOR SYSTEM 
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CDP1802A, CDP1802AC, CDP1802BC 


Block Diagram 
VO REQUESTS 
MEMORY ADDRESS LINES W/O FLAGS DMA CONTROL 
Po ereneenneet erncmencncane, gtmnnn onmremamesn, OUT grninsieel seen 
MA6 MA4 MA2 MAO EF1_ EF3 DMA LEAR 
EF2 | EF4 IN | INT AIT 


MA7 | MA5| MA3|MA1 


CONTROL AND 


TIMING LOGIC 


TO INSTRUCTION 
DECODE 


a 
FR(0).1] R(0).0) ARRAY 
IR(2).1 | R(2).0| 
[DF Dec ne 
R@).1 | R(@).0| 
|R(A).1 | R(A).0) 


o 
LY 


8-BIT BIDIRECTIONAL DATA BUS 


FIGURE 2. 
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CLOCK 
XTAL 

Sco \ STATE 

SCI CODES 
QLOGIC 

TPA 

TPB SYSTEM 
MwA { TIMING 
MRD 


vO 
COMMANDS 


CMOS 
uPROCESSORS 


CDP1802A, CDP1802AC, CDP1802BC 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical, Note 4) Ba (CCIW) Bo (CCW) 
(All Voltages Referenced to Vgg Terminal) NP oi oceas eas candied nieeurs 50 N/A 
Ge ee eae dee nae kceavee peus boob Ret oe es -0.5V to +11V PLO «nu cacwaucacciuawsxowimens 46 N/A 
COPTB02ZAC, COPIS02ZBG. cs cickacawsaeasnans -0.5V to +7V SBDIP ..........cccccceccccuece 55 15 
Input Voltage Range, All Inputs 6a WO Oe Wie ae are el -0.5V to Vop +0.5V Device Dissipation Per Output Transistor 
DC Input Current, any One Input VLRO HARBOE SRT SRE DESY +10mA Ta = Full Package Temperature Range a re 100mW 
Operating Temperature Range (Ta) 
Package Type Do. csi scdexscanaevennes nus -55°C to +125°C 
Package Type E andQ..................005- -40°C to +85°C 
Storage Temperature Range (Tstq) ....-.------ -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MEX. 266 iwi cea wnceenvvenew snes +265°C 
Lge) Tide Oe ov ceencancacendussaveeeseuersaeis +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions T, = -40°C to +85°C. For maximum reliability, operating conditions should be selected so 
that operation is always within the following ranges: 


TEST CONDITIONS CDP1802A CDP1802AC CDP1802BC 
Voc 
PARAMETER (Vv) 


DC Operating Voltage Range a 


Maximum Clock Input Rise or : 
4 to 10.5 4to 10.5 


_ 
© 
oi 


é 
=| 
m 
a 
< 
En 
=o 
Ea 
ia 
on 


< 
wn 
n 
< 
s) 
0 
< 
” 
” 
< 
e) 
ie) 
< 
no 
o 
< 
e) 
e) 
E 


Fall Time 


Minimum Instruction Time 
(Note 3) 


Maximum DMA Transfer Rate 


oO 
oO 
oO 


foe) 
j=) 
oO 


us 
— 
Maximum Clock Input Frequency, 
fo_, Load Capacitance 
(C,) = 50pF 5 
0 


DC 


see 


BSS 

[o) 

Co 
wo aks 
ine) 


Ww 


NOTES: 


1. Printed circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G10 epoxy glass, or equivalent. 
2. Voc must never exceed Vpp. 


3. Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 3 
machine cycles - one Fetch and two Execute operations. 


4. 8), is measured with component mounted on an evaluation board in free air. 


CDP1802A, CDP1802AC, CDP1802BC 


Static Electrical Specifications at T, = -40°C to +85°C, Except as Noted 


CDP1802AC, 
TEST CONDITIONS CDP1802A CDP1802BC 
(NOTE 1) 
TYP 


e id 


Vee: 
Vin Vpop 


(V) (V) 


(NOTE 1) 
TYP 


-0.27] -0.55 


Vout 


PARAMETER SYMBOL (V) UNITS 


Quiescent Device Current 


Output Low Drive (Sink) 


Current 


3 
> 


lot 


(Except XTAL) 


Output High Drive (Source) 


> 


Current 


(Except XTAL) 


=) 


Output Voltage 


Low Level VoL 
Output Voltage 
High Level Von 
Input Low Voltage Vit 0.5, 4.5 
0.5, 4.5 ae 
Input High Voltage Vin 0.5, 4.5 


0.5, 4.5 


CLEAR Input Voltage 


x= 


° 


Schmitt Hysteresis 


2S 
ok 
oO 
o 
_ 
oO ° 


Input Leakage Current Any 


Input 


I+ 

= 

So 
b 


— 
o 
b 


Three-State Output Leakage lout 


=k 
oO 
b 


Current 0, 10 


Operating Current 


CDP1802A, AC 
at f = 3.2MHz 


= 
> 


lpp1 
(Note 2) 


CDP1802BC 
at f = 5.0MHz 


Minimum Data Retention 
Voltage 


Vpp = Vor 


oOo oo er rh —_ 


< 
e) 
D 


Data Retention Current Vop = 2.4V 


CMOS 
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Static Electrical Specifications at pong = -40°C to +85°C, Except as Noted (Continued) 


CDP1802AC, 
| teumerccn | CONDITIONS CDP1802A CDP1802BC 
Veo: 
Ya | Voo (NOTE 1) (NOTE 1) 
PARAMETER SYMBOL (V) (V) TYP TYP UNITS 
Pd 
—s 


NOTES: 
1. Typical values are for T, = +25°C and nominal Vpp. 
2. Idle “00” at M(0000), C, = 50pF. 


Dynamic Electrical Specifications T, = -40°C to +85°C, C, = 50pF, Vpp +5%, Except as Noted 


eames | CDP1802A, 
eames | CDP1802AC CDP1802BC 
(NOTE 1) (NOTE 1) 
PARAMETER SYMBOL | Voc (V) | Vpp (V) |} TYP TYP UNITS 


PROPAGATION DELAY TIMES 
5 150 


Clock to TPA, TPB 


Clock-to-Memory High-Address Byte 


Clock-to-Memory Low-Address Byte Valid 


Clock to MRD toi =i 


Clock to MWR 


Clock to (CPU DATA to BUS) Valid a ee x 


Nh = = _ —_ poy Nh 
Oo N MN Ni N ~N So 
io) ao 1) on or on jo) 


CDP1802A, CDP1802AC, CDP1802BC 


Dynamic Electrical Specifications 1, = -40°C to +85°C, C, = 50pF, Vpp +5%, Except as Noted (Continued) 


 coalarne | CDP1802A, 
 coalarne | CDP1802AC CDP1802BC 
spat 1) (NOTE 1) 
PARAMETER SYMBOL | Vcc (V TYP UNITS 
Clock to State Code tetH, tpHL — 
Shs 
Clock 10d bine run 
Lee 
MINIMUM SET UP AND HOLD TIMES 
oe 
: = 
_ cede 
DMA Set Up <a" 
D 


: = 
_ mehr 
Le] 

| = 


Data Bus Input Set Up 


CMOS 
uPROCESSORS 


Data Bus Input Hold 


Interrupt Set Up 


Interrupt Hold 


WAIT Set Up 


H 
(Note 2) 
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CDP1802A, CDP1802AC, CDP1802BC 
Dynamic Electrical Specifications T, = -40°C to +85°C, C, = 50pF, Vpp +5%, Except as Noted (Continued) 
TEST CDP1802A, 
CONDITIONS CDP1802AC CDP1802BC 
(NOTE 1) (NOTE 1) 
PARAMETER SYMBOL | Vcc (V) | Vpp (V)} TY TYP 


P 
Led 


UNITS 


EF1-4 Set Up 


(Note 2) 


Minimum Pulse Width Times 
CLEAR Pulse Width 


CLOCK Pulse Width 


»|-|- [= 
ee 
oe 


NOTES: 
1. Typical values are for Ty = +25°C and nominal Vpp. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 


Timing Specifications as a function of T(T = 1/fo.ocx) at Ta = -40 to +85°C, Except as Noted 


CDP1802A, 
TEST CONDITIONS CDP1802AC CDP1802BC 
(NOTE 1) (NOTE 1 
PARAMETERS SYMBOL | Vcc (V) | Vpp (V) TYP TY 


) 
p 
High-Order Memory-Address Byte 
Set Up toTPA~\ Time a aoe 
en 
Pres | re 
+0 


UNITS 


5 


1 


High-Order Memory-Address Byte 
Hold After TPA Time 


5 
10 
10 
z 
10 
5 
10 
0 


Low-Order Memory-Address Byte 
Hold After WR Time 


aa 
—— 
ce 
ee 
2 
A 


CPU Data to Bus Hold After WR 
Time 


Ts : 


. 
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CDP1802A, CDP1802AC, CDP1802BC 


Timing Specifications as a function of T(T = Seeman at T, = -40 to +85°C, Except as Noted 


PARAMETERS 


Required Memory Access Time 
Address to Data 


MRD to TPA \_ 


NOTE: 


CDP1802A, 
TEST ey CDP1802AC | 
(NOTE 1) (NOTE 1) 
SYMBOL | Vcc (V) | Vpp (V) TYP TYP UNITS 


ce 
Ee © pee ee Se 
pe} 8 fee | ee ee | ee] | 
A ee ee | 
ef | ee ee 


1. Typical values are for T, = +25°C and nominal Vpp. 


Timing Waveforms 


———————— FETCH (READ) es! ee EXECUTE (WRITE) | 


CLOCK 00901910811 920821 8305319 408 419 508 51 960961970871 $0001 9109 11 $208 21 § 305 31 $409 41 50551 §609861 570571 F00 


ADDRESS 
TPA 
TPB 
MRD 


rc 


DATA 


VALID INPUT DATA VALID OUTPUT DATA 


FIGURE 3. BASIC DC TIMING WAVEFORM, ONE INSTRUCTION CYCLE 
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CDP1802A, CDP1802AC, CDP1802BC 


Timing Waveforms (Continued) 


|<— 9 —»>|~=—- 1 —> |< 2 — |< — 3 — |e 5g — |e 5 | = 6 — |= — 7 — |= 0 | 


TPA 


TPB 


MEMORY ; LOW ORDER 
ADDRESS | ADDRESS BYTE 


MRD 
(MEMORY 
READ CYCLE) 


MWR 
(MEMORY 
WRITE CYCLE) 


DATA FROM 
CPU TO BUS 


STATE 
CODES 


NO, N1, N2 
(VO EXECUTION 
CYCLE) 


DATA FROM 
BUS TO CPU 


DMA 
REQUEST 


| 
| 
INTERRUPT 
SAMPLED (S1, S2) 


, \ tsu | toy / 
TE T ! a — fie —— i 
 AEGUESS ' FLAG LINES 1 | 
; SAMPLED (IN S1) , 


EF 1-4 
: ‘su ! ANY NEGATIVE 
WAIT = TRANSITION 
tw 
CLEAR <=> 


NOTES: 


1. This timing diagram is used to show signal relationships only and does not represent any specific machine cycle. 

2. All measurements are referenced to 50% point of the waveforms. 

3. Shaded areas indicate “Don’t Care” or undefined state. Multiple transitions may occur during this period. 
FIGURE 4. TIMING WAVEFORM 
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CDP1802A, CDP1802AC, CDP1802BC 


Machine Cycle Timing Waveforms (Propagation Delays Not Shown) 


cock “LY LILI LIL LLL LL LLL 
w CYCLE CYCLE (n+ 2) 
FIGURE 5. GENERAL TIMING WAVEFORMS 
INSTRUCTION FETCH (SO) EXECUTE 
|~— MEMORY READ CYCLE —»|<—— NON MEMORY CYCLE ——»>|<— MEMORY READ CYCLE —>| 
MRD 2 ee aa: een Ms 
MWA (HIGH) 
MEMORY pe . — 
output WZZARNSSESSSSAAWSSWI# MY<4LLLxL&XL{{,LLLLLLLLLASESSSSSSWWUIZ# 
ALLOWABLE MEMORY AGCESS “— VALID OUTPUT A Peni 
RQ] “DON’T CARE” OR INTERNAL DELAYS HIGH IMPEDANCE STATE 
FIGURE 6. NON-MEMORY CYCLE TIMING WAVEFORMS 
INSTRUCTION EXECUTE 
|~— MEMORY READ CYCLE —>|<——MEMORY WRITE CYCLE——»>|<—— MEMORY READ CYCLE —>| 
id  * Lieeeiemecet CO FCCSCSSSStSC<CS«Si em 
MEMORY per 
output AYMARA A SW _ {EL(LLLLL<L(L<LLLLILLI SII YYSLWNNWNWU 
ALLOWABLE MEMORY ACCESS “— VALID OUTPUT t Borbuy 
TOMEMORY _L_OFF__—_+i.VAUDDATA._—=s«Y—SSSiFF—S—_~*@;'VALID 


K\AN) “DON’T CARE” OR INTERNAL DELAYS 


ff) ff HIGH IMPEDANCE STATE 


FIGURE 7. MEMORY WRITE CYCLE TIMING WAVEFORMS 
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CDP1802A, CDP1802AC, CDP1802BC 


Machine Cycle Timing Waveforms (Propagation Delays Not Shown) (Continued) 


INSTRUCTION FETCH (SO) EXECUTE (S1) FETCH (SO) EXECUTE 


|~—— MEMORY READ CYCLE —»|~«—— MEMORY READ CYCLE —-»>|~—— MEMORY READ CYCLE —>| 


$e 


= 
P) 
o 


MWR (HIGH) 


MEMORY 
OUTPUT 


NIZZANSSEESS SSS A IZZZISBSS STIS _EEZZZSESS/ SSS SSLTIZZSS 


= a 4 vauip A Vatu 
ALLOWABLE MEMORY ACCESS VALID OUTPUT OUTPUT OUTPUT 


“DON’T CARE” OR INTERNAL DELAYS HIGH IMPEDANCE STATE 


FIGURE 8. MEMORY READ CYCLE TIMING WAVEFORMS 


INSTRUCTION FETCH (SO) EXECUTE (S1) EXECUTE (S1) FETCH (SO) 


|<«— MEMORY READ CYCLE —> |< MEMORY READ CYCLE —>|<— MEMORY READ CYCLE —| 


ee Le) OL SCL 


= 
| 


MWR (HIGH) 
OUTPUT DZ ZA WINNT ZANT, ISNT, EAS 


—_—_—_—o <= ————— 
ALLOWABLE MEMORY ACCESS “— VALID OUTPUT 4 vati ouTPUT t vatip 
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Machine Cycle Timing Waveforms (Propagation Delays Not Shown) (Continued) 
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Machine Cycle Timing Waveforms (Propagation Delays Not Shown) (Continued) 
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Machine Cycle Timing Waveforms (Propagation Delays Not Shown) (Continued) 
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Performance Curves (Continued) 
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Performance Curves (Continued) 
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Signal Descriptions 


Bus 0 to Bus 7 (Data Bus) 


8-bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and I/O devices. 


NO to N2 (I/O Control Lines) 


Activated by an I/O instruction to signal the I/O control logic of 
a data transfer between memory and |/O interface. These 
lines can be used to issue command codes or device selec- 
tion codes to the I/O devices (independently or combined with 
the memory byte on the data bus when an //O instruction is 
being executed). The N bits are low at all times except when 
an I/O instruction is being executed. During this time their 
state is the same as the corresponding bits in the N register. 


The direction of data flow is defined in the I/O instruction by bit 
N3 (internally) and is indicated by the level of the MRD signal. 


MRD = Vcc: Data from I/O to CPU and Memory 
MRD = Vgg: Data from Memory to I/O 


EF1 to EF4 (4 Flags) 


These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used in con- 
junction with the INTERRUPT request line to establish inter- 
rupt priorities. These flags can also be used by I/O devices 
to “call the attention” of the processor, in which case the pro- 
gram must routinely test the status of these flag(s). The 
flag(s) are sampled at the beginning of every S1 cycle. 


INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 


These inputs are sampled by the CPU during the interval 
between the leading edge of TPB and the leading edge of 
TPA. 


Interrupt Action - X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable is reset to 0 (inhibit); and instruction 
execution is resumed. The interrupt action requires one 
machine cycle (S3). 


DMA Action - Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and increment R(0). 


NOTE: In the event of concurrent DMA and Interrupt requests, 
DMA-IN has priority followed by DMA-OUT and then Interrupt. 


SCO, SC1, (2 State Code Lines) 


These outputs: indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid 
at TPA. H = Vcc, L = Vgs. 


STATE CODE LINES 


TPA, TPB (2 Timing Pulses) 


Positive pulses that occur once in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the 
higher-order byte of the 16-bit memory address. TPA is sup- 
pressed in IDLE when the CPU is in the load mode. 
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MAO to MA7 (8 Memory Address Lines) 


In each cycle, the higher-order byte of a 16-bit CPU memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low 
order byte of the 16-bit address appears on the address lines 
after the termination of TPA. Latching of all 8 higher-order 
address bits would permit a memory system of 64K bytes. 


MWR (Write Pulse) 


A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 


MRD (Read Level) 


A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed mem- 
ory which may have a common data input and output bus. If a 
memory does not have a three-state high-impedance output, 
MRD is useful for driving memory/bus separator gates. It is 
also used to indicate the direction of data transfer during an 
I/O instruction. For additional information see Table 1. 


Q 


Single bit output from the CPU which can be set or reset 
under program control. During SEQ or REQ instruction exe- 
cution, Q is set or reset between the trailing edge of TPA and 
the leading edge of TPB. 


CLOCK 


Input for externally generated single-phase clock. The clock is 
counted down internally to 8 clock pulses per machine cycle. 


XTAL 


Connection to be used with clock input terminal, for an exter- 
nal crystal, if the on-chip oscillator is utilized. The crystal is 
connected between terminals 1 and 39 (CLOCK and XTAL) 
in parallel with a resistance (10MQ typ). Frequency trimming 
capacitors may be required at terminals 1 and 39. For addi- 
tional information, see Application Note AN6565. 


WAIT, CLEAR (2 Control Lines) 


Provide four control modes as listed in the following truth table: 


Vop: Vss» Vec (Power Levels) 


The internal voltage supply Vpp is isolated from the 
Input/Output voltage supply Vcc so that the processor may 
operate at maximum speed while interfacing with peripheral 
devices operating at lower voltage. Vcc must be less than or 
equal to Vpp. All outputs swing from Vgs to Voc. The recom- 
mended input voltage swing is Vss to Vcc. 


Architecture 


The CPU block diagram is shown in Figure 2. The principal 
feature of this system is a register array (R) consisting of six- 
teen 16-bit scratchpad registers. Individual registers in the 
array (R) are designated (selected) by a 4-bit binary code 
from one of the 4-bit registers labeled N, P and X. The con- 
tents of any register can be directed to any one of the follow- 
ing three paths: 


1. The external memory (multiplexed, higher-order byte first, 
on to 8 memory address lines). 


2. The D register (either of the two bytes can be gated to D). 


3. The increment/decrement circuit where it is increased or 
decreased by one and stored back in the selected 16-bit 
register. 


The three paths, depending on the nature of the instruction, 
may operate independently or in various combinations in the 
same machine cycle. 


With two exceptions, CPU instruction consists of two 8- 
clock-pulse machine cycles. The first cycle is the fetch cycle, 
and the second - and third if necessary - are execute cycles. 
During the fetch cycle the four bits in the P designator select 
one of the 16 registers R(P) as the current program counter. 
The selected register R(P) contains the address of the mem- 
ory location from which the instruction is to be fetched. 
When the instruction is read out from the memory, the higher 
order 4 bits of the instruction byte are loaded into the register 
and the lower order 4 bits into the N register. The content of 
the program counter is automatically incremented by one so 
that R(P) is now “pointing” to the next byte in the memory. 


The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain ALU 
or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 


1. Designate one of the 16 registers in R to be acted upon 
during register operations. 


2. Indicate to the 1/O devices a command code or device 
selection code for peripherals. 


3. Indicate the specific operation to be executed during the 
ALU instructions, types of test to be performed during the 
Branch instruction, or the specific operation required in a 
class of miscellaneous instructions (70 - 73 and 78 - 7B). 


4. Indicate the value to be loaded into P to designate a new 
register to be used as the program counter R(P). 


5. Indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X). 


The registers in R can be assigned by a programmer in three 
different ways: as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of data. 


Program Counters 


Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other reg- 
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isters in R can be used as subroutine program counters. By 
single instruction the contents of the P register can be 
changed to effect a “call” to a subroutine. When interrupts 
are being serviced, register R(1) is used as the program 
counter for the user's interrupt servicing routine. After reset, 
and during a DMA operation, R(0) is used as the program 
counter. At all other times the register designated as pro- 
gram counter is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 1). 


1. ALU operations F1 - F5, F7, 74, 75, 77 

2. Output instructions 61 through 67 

3. Input instructions 69 through 6F 

4. Certain miscellaneous instructions - 70 - 73, 78, 60, FO 


The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory’ instructions ON and 4N and the 
“Store D” instruction 5N. The register designated by P (i.e., 
the program counter) is used as the data pointer for ALU 
instructions F8 - FD, FF, 7C, 7D, 7F. During these instruction 
executions, the operation is referred to as “data immediate”. 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine cycle 
s “stolen”. This operation occurs at the end of the execute 
machine cycle in the current instruction. Register R(0) is 
always used as the data pointer during the DMA operation. 
The data is read from (DMA-Out) or written into (DMA-In) the 
memory location pointed to by the R(0) register. At the end 
of the transfer, R(0) is incremented by one so that the pro- 
cessor is ready to act upon the next DMA byte transfer 
request. This feature in the 1800-series architecture saves a 
substantial amount of logic when fast exchanges of blocks of 
data are required, such as with magnetic discs or during 
CRT-display-refresh cycles. 


Data Registers 


When registers in R are used to store bytes of data, four 
instructions are provided which allow D to receive from or 
write into either the higher-order or lower-order byte portions 
of the register designated by N. By this mechanism (together 
with loading by data immediate) program pointer and data 
pointer designations are initialized. Also, this technique 
allows scratchpad registers in R to be used to hold general 
data. By employing increment or decrement instructions, 
such registers may be used as loop counters. 


The Q Flip-Flop 


An internal flip-flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. The output 
of Q is also available as a microprocessor output. 


Interrupt Servicing 


Register R(1) is always used as the program counter when- 
ever interrupt servicing is initiated. When an_ interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the cur- 
rent instruction), the contents of the X and P registers are 
stored in the temporary register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 in P. Interrupt 
Enable is automatically deactivated to inhibit further inter- 
rupts. The user's interrupt routine is now in control; the con- 
tents of T may be saved by means of a single instruction (78) 
in the memory location pointed to by R(X). At the conclusion 
of the interrupt, the user's routine may restore the pre-inter- 
rupted value of X and P with a single instruction (70 or 71). 
The Interrupt Enable flip-flop can be activated to permit fur- 
ther interrupts or can be disabled to prevent them. 


CPU Register Summary 


a 
= [rep ee 


CDP1802 Control Modes 


The WAIT and CLEAR lines provide four control modes as 
listed in the following truth table: 


The function of the modes are defined as follows: 


Load 


Holds the CPU in the IDLE execution state and allows an I/O 
device to load the memory without the need for a “bootstrap” 
loader. It modifies the IDLE condition so that DMA-IN opera- 
tion does not force execution of the next instruction. 


Reset 


Registers |, N, Q are reset, IE is set and 0’s (VSS) are placed 
on the data bus. TPA and TPB are suppressed while reset is 
held and the CPU is placed in S1. The first machine cycle after 
termination of reset is an initialization cycle which requires 9 
clock pulses. During this cycle the CPU remains in S1 and reg- 
ister X, P, and R(0) are reset. Interrupt and DMA servicing are 
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suppressed during the initialization cycle. The next cycle is an 
SO, S1, or an S2 but never an S3. With the use of a 71 instruc- 
tion followed by 00 at memory locations 0000 and 0001, this 
feature may be used to reset IE, so as to preclude interrupts 
until ready for them. Power-up reset can be realized by con- 
necting an RC network directly to the CLEAR pin, since it has a 
Schmitt triggered input, see Figure 24. 


CDP1802 


THE RC TIME CONSTANT 
SHOULD BE GREATER THAN 
THE OSCILLATOR START-UP 
TIME (TYPICALLY 20ms) 


FIGURE 24. RESET DIAGRAM 


Pause 


Stops the internal CPU timing generator on the first negative 
high-to-low transition of the input clock. The oscillator contin- 
ues to operate, but subsequent clock transitions are ignored. 


Run 


May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation on the first 
negative high-to-low transition of the input clock. When initi- 
ated from the Reset operation, the first machine cycle follow- 
ing Reset is always the initialization cycle. The initialization 
cycle is then followed by a DMA (S2) cycle or fetch (SO) from 
location 0000 in memory. 


IDLE e DMA e INT 


PRIORITY: FORCE SO, S1 
DMA IN 
DMA OUT 
INT 


Run-Mode State Transitions 


The CPU state transitions when in the RUN and RESET 
modes are shown in Figure 25. Each machine cycle requires 
the same period of time, 8 clock pulses, except the initializa- 
tion cycle, which requires 9 clock pulses. The execution of 
an instruction requires either two or three machine cycles, 
SO followed by a single S1 cycle or two S1 cycles. S2 is the 
response to a DMA request and S3 is the interrupt response. 
Table 2 shows the conditions on Data Bus and Memory 
Address lines during all machine states. 


Instruction Set 


The CPU instruction summary is given in Table 1. Hexadeci- 
mal notation is used to refer to the 4-bit binary codes. 


In all registers bits are numbered from the least significant 
bit (LSB) to the most significant bit (MSB) starting with 0. 


R(W): Register designated by W, where 
W =NorX, or P 

R(W).0: Lower order byte of R(W) 
R(W).1: Higher order byte of R(W) 
Operation Notation 

M(R(N)) > D; R(N) + 1 > R(N) 


This notation means: The memory byte pointed to by R(N) is 
loaded into D, and R(N) is incremented by 1. 


FORCE S1 


(LONG BRANCH, 
LONG SKIP, NOP, ETC.) 


INT e DMA 


INT e DMA 


FIGURE 25. STATE TRANSITION DIAGRAM 
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TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) 


OP 
INSTRUCTION os CODE OPERATION 


EORDWAN NTN [MIN OIFORNTOR 
LDA 4N — | M(R(N)) > D; R(N) + 1 > R(N) 
LDX FO 
LOAD VIA X AND ADVANCE LDXA 72 
LOAD IMMEDIATE LDI F8 


= 
= 
S 
1 
S) 


M(R(X)) — D; R(X) + 1 > R(X) 
M(R(P)) — D; R(P) + 1 > R(P) 
D > M(R(N)) 

D — M(R(X)); R(X) - 1 > R(X) 


ep) 
= 
D 


Ww  ee| a 
“4 OT og 
O >| > 
yD oO}; O 
< =| 3 
= > 
> SES 
= Pa 
'@) 
m 


STORE VIA X AND DECREMENT 
REGISTER OPERATIONS 


STXD 73 


LOGIC OPERATIONS (Note 1) 


CMOS 


Fi |M(R(X))ORD>D 

F9 | M(R(P)) OR D > D; R(P) + 1 > R(P) 
EXCLUSIVE OR XOR F3  |M(R(X))XORD>D 

EXCLUSIVE OR IMMEDIATE XRI FB | M(R(P)) XOR D > D; R(P) + 1 > R(P) 
F2  |M(R(X)) ANDD>D 


INOREMENTREGN NAR 
EOREWENTREGN | NRA 
INOREMENTREGX P| fT 

MROTORDO 


uPROCESSORS 


O 
D 
= 
m 
Oo 
> 
4 
m 


> 
Pst 
oO 
> 
Zz 
Oo 


AND IMMEDIATE ANI FA |M(R(P)) AND D > D; R(P) + 1 > R(P) 

SHIFT RIGHT SHR F6 | SHIFT D RIGHT, LSB(D) > DF, 0 > MSB(D) 

SHIFT RIGHT WITH CARRY SHRC 76 | SHIFT D RIGHT, LSB(D) > DF, DF > MSB(D) 
(Note 2) 

RING SHIFT RIGHT RSHR 76 | SHIFT D RIGHT, LSB(D) > DF, DF > MSB(D) 
(Note 2) 

SHIFT LEFT SHL SHIFT D LEFT, MSB(D) > DF, 0 > LSB(D) 

SHIFT LEFT WITH CARRY SHLC 7E | SHIFT DLEFT, MSB(D) > DF, DF > LSB(D) 
(Note 2) 

RING SHIFT LEFT RSHL 7E _| SHIFT D LEFT, MSB(D) > DF, DF > LSB(D) 
(Note 2) 


ARITHMETIC OPERATIONS (Note 1) 
DD ADD F4 |M(R(X))+D— DF, D 

ADI FC  |M(R(P)) +D > DF, D; R(P) + 1 > R(P) 

ADC 74. |M(R(X)) +D + DF > DF, D 
| ADC! | 7C  |M(R(P)) + D + DF DF, D; R(P) + 1 > R(P) 
F5. | M(R(X))-D > DF, D 
SUBTRACT D IMMEDIATE SDI FD | M(R(P))- D> DF, D; R(P) + 1 > R(P) 
SUBTRACT D WITH BORROW 75 | M(R(X)) - D- (NOT DF) > DF, D 


> 


o >| > 
a 8| 8| 8 
4 = 
D =| = 
> i = 
8) Z| =| a 
- eo) 
>| > 
DIA 
yim 
=< 
> 
e) 
Q 


ADD WITH CARRY, IMMEDIATE 


2) 
O 
18) 
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TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) (Continued) 


OP 
INSTRUCTION iia) CODE OPERATION 


SUBTRACT D WITH BORROW, IMMEDIATE SDBI M(R(P)) - D - (Not DF) > DF, D; R(P) + 1 > R(P) 
SUBTRACT MEMORY D-M(R(X)) > DF, D 


SHORT BRANCH IF EF4 = 0 (EF4 = Voc) 
BRANCH INSTRUCTIONS - LONG BRANCH 


oF IF EF4 = 0, M(R(P)) > R(P).0, ELSE R(P) + 1 > R(P) 


LONG BRANCH | CO | 
NO LONG BRANCH (See LSKP) NLBR R(P) = 2 > R(P) 
(Note 2) 

LONG BRANCH IF D =0 
ELSE R(P) + 2 > R(P) 

LONG BRANCH IF D NOT 0 LBNZ C IF D Not 0, M(R(P)) > R(P).1, M(R(P) + 1) 3 R(P).0, ELSE 
R(P) +2 > R(P) 

LONG BRANCH IF DF = 1 LBDF C3 | IF DF=1,M(R(P)) > R(P).1, M(R(P) + 1) 3 R(P).0, ELSE 
R(P) + 2 > R(P) 

LONG BRANCH IF DF = 0 LBNF C IF DF =0, M(R(P)) > R(P).1, M(R(P) + 1) > R(P).0, ELSE 
R(P) + 2 > R(P) 


LONG BRANCH IF Q = 1 LBQ c IF Q= 1, M(R(P)) > R(P).1, M(R(P) + 1) > R(P).0, 
ELSE R(P) + 2 > R(P) 


LBR M(R(P)) > R(P). 1, M(R(P) + 1) > R(P).0 
LBZ 


C2 IF D=0, M(R(P)) > R(P).1, M(R(P) +1) — R(P).0, 


[SUBTRACTMEMORY 
SUBTRAGTMEMORY WTHBOAROW [SMB 77 _[DMROOHNOTORH ORD 
BRANCH INSTRUCTIONS - SHORT BRANCH 
SHORTeRANGR TOROS 
alee U7 nn 
IF D = 0, M(R(P)) > R(P).0, ELSE R(P) + 1 > R(P) 
33 |IFDF= 1, M(R(P)) 3 R(P).0, ELSE R(P) + 1 > R(P) 
woee 
3B. | IF DF = 0, M(R(P)) > R(P).0, ELSE R(P) + 1 > R(P) 
SHORT aRANORFMNUS =| 
SHORTORANGHTFO=1 | _80 |__| FO=1 MRP) APOEISERM: 1AM) 
SHORTBRANGRTFO=O | _emO |__| FO=O MRP) 2AMO.RSERM 1AM) 
SHORT BRANCH IF EF1 = 0 (EF1 = Vcc) | BNI [3c IF EF1 = 0, M(R(P)) > R(P).0, ELSE R(P) + 1 > R(P) 
}SHORT BRANCH IFEF2=1(EF2=Vss) = | = B2- | 85 IF EF2 = 1, M(R(P)) > R(P).0, ELSE R(P) + 1 > R(P) 
IF EF2 = 0, M(R(P)) > R(P).0, ELSE R(P) + 1 > R(P) 
IF EF3 = 1, M(R(P)) > R(P).0, ELSE R(P) + 1 > R(P) 
IF EF3 = 0, M(R(P)) — R(P).0, ELSE R(P) + 1 > R(P) 
B4 IF EF4 = 1, M(R(P)) — R(P).0, ELSE R(P) + 1 > R(P) 
SHORT ORANGHF EF*=0CFI=Voo) a 
CO 
C8 

A 

B 

1 
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TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) (Continued) 


oP 
INSTRUCTION acute CODE OPERATION 
LONG BRANCH IF Q =0 LBNQ C9 J IF Q=0, M(R(P)) > R(P).1, M(R(P) + 1) 3 R(P).0 
EISE R(P) + 2 > R(P) 


SKIP INSTRUCTIONS 


SHORT SKIP (See NBR) SKP 38 R(P) + 1 > R(P) 
(Note 2) 
LONG SKIP (See NLBR) LSKP C8 R(P) + 2 > R(P) 
(Note 2) 
CE 


LONG SKIP IF D =0 IF D = 0, R(P) + 2 > R(P), ELSE CONTINUE 


LONG SKIP IF D NOT 0 | LSNZ | C6 IF D Not 0, R(P) + 2 > R(P), ELSE CONTINUE 
LONG SKIP IF DF = 1 | LSDF | CF IF DF = 1, R(P) + 2 > R(P), ELSE CONTINUE 
LONG SKIP IF DF =0 LSNF IF DF = 0, R(P) + 2 > R(P), ELSE CONTINUE 
LONG SKIP IF Q = 1 | usa {| cD CO IF Q= 1, R(P) + 2 R(P), ELSE CONTINUE 
LONG SKIP IF Q =0 | LSNQ | cS | IF Q= 0, R(P) + 2 R(P), ELSE CONTINUE 
LONG SKIP IF IE = 1 | usIE =| cc | IF IE = 1, R(P) + 23 R(P), ELSE CONTINUE 
CONTROL INSTRUCTIONS 
IDLE 


IDL 00 WAIT FOR DMA OR INTERRUPT; M(R(0)) — BUS 
(Note 3) 
C 


SEP 
SEX 
SEQ 7B 


NO OPERATION 


PUSH X, P TO STACK MARK 79 


DISABLE 

INPUT - OUTPUT BYTE TRANSFER 
OUTPUT 1 

OUTPUT 2 

OUTPUT 3 

OUTPUT 4 

OUTPUT 5 


D ol vl] ol wl o 
m >i mimimim 
a ml al ol sel = 
y +| O} X] 0 
z2 O 


N 
> ro) 
L 
O 


M(R(X)) + BUS; R(X) + 1 > R(X); N LINES = 1 
M(R(X)) > BUS; R(X) + 1 > R(X); N LINES = 2 
M(R(X)) > BUS; R(X) + 1 > R(X); N LINES = 3 
M(R(X)) > BUS; R(X) + 1 > R(X); N LINES = 4 
M(R(X)) > BUS; R(X) + 1 > R(X); N LINES = 5 
M(R(X)) > BUS; R(X) + 1 R(X); N LINES = 6 
M(R(X)) > BUS; R(X) + 1 > R(X); N LINES = 7 
BUS — M(R(X)); BUS > D; N LINES = 1 
BUS — M(R(X)); BUS > D; N LINES = 2 
BUS — M(R(X)); BUS > D; N LINES = 3 
BUS > M(R(X)); BUS > D; N LINES = 4 
BUS — M(R(X)); BUS > D; N LINES = 5 
BUS — M(R(X)); BUS > D; N LINES =6 
6F | BUS + M(R(X)); BUS > D; N LINES =7 


63 
64 


67 


6A 


6C 


INP 7 


2/2] Z|] Z|] Z| Z| Z}] GO| © 
Ul Uj] Di Di] Di] Dv] DI SIS 
Clerc! ci ci ci ci Si = 
0 | a a a a att 2 = 
NP OT oO] &] Oo] mM] $7] 4S] 4 
NT OD 
=| O 
4a 
4 
—~Ii~ 
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TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) (Continued) 


OP 
INSTRUCTION oNS CODE OPERATION 


NOTES: (For Table 1) 
1. The arithmetic operations and the shift instructions are the only instructions that can alter the DF. 


After an add instruction: 

DF = 1 denotes a carry has occurred 

DF = 0 Denotes a carry has not occurred 

After a subtract instruction: 

DF = 1 denotes no borrow. D is a true positive number 

DF = 0 denotes a borrow. D is two’s complement 

The syntax “-(not DF)” denotes the subtraction of the borrow. 


2. This instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 


3. An idle instruction initiates a repeating S1 cycle. The processor will continue to idle until an I/O request (INTERRUPT, DMA-IN, or DMA- OUT) is 
activated. When the request is acknowledged, the idle cycle is terminated and the I/O request is serviced, and then normal operation is resumed. 


4. Long-Branch, Long-Skip and No Op instructions require three cycles to complete (1 fetch + 2 execute). 


Long-Branch instructions are three bytes long. The first byte specifies the condition to be tested; and the second and third byte, the 
branching address. 


The long-branch instructions can: 
Branch unconditionally 

Test for D = 0 orD #0 

Test for DF = 0 or DF = 1 

Test forQ=0orQ=1 

e. Effect an unconditional no branch 


aoop 


If the tested condition is met, then branching takes place; the branching address bytes are loaded in the high-and-low order bytes of the 
current program counter, respectively. This operation effects a branch to any memory location. 


If the tested condition is not met, the branching address bytes are skipped over, and the next instruction in sequence is fetched and exe- 
cuted. This operation is taken for the case of unconditional no branch (NLBR). 


5. The short-branch instructions are two bytes long. The first byte specifies the condition to be tested, and the second specifies the branching address. 


The short branch instruction can: 

Branch unconditionally 

Test forD =O orD#0 

Test for DF = 0 or DF = 1 

Test forQ=0o0rQ=1 

Test the status (1 or 0) of the four EF flags 
Effect an unconditional no branch 


™m™oaog®p 


If the tested condition is met, then branching takes place; the branching address byte is loaded into the low-order byte position of the 
current program counter. This effects a branch within the current 256-byte page of the memory, i.e., the page which holds the branching 
address. If the tested condition is not met, the branching address byte is skipped over, and the next instruction in sequence is fetched 
and executed. This same action is taken in the case of unconditional no branch (NBR). 


6. The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP) and eight Long-Skip instructions. 


The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch + 1 execute). Its action is to skip over the byte following it. 
Then the next instruction in sequence is fetched and executed. This SKP instruction is identical to the unconditional no-branch instruc- 
tion (NBR) except that the skipped-over byte is not considered part of the program. 

The Long-Skip instructions take three cycles to complete (1 fetch + 2 execute). 


They can: 

a. Skip unconditionally 

b. Test forD=OorD#0 
c. Test for DF =0 or DF =1 
d. TestforQ=OorQ=1 


e. Test for lIE = 1 


If the tested condition is met, then Long Skip takes place; the current program counter is incremented twice. Thus two bytes are skipped 
over, and the next instruction in sequence is fetched and executed. If the tested condition is not met, then no action is taken. Execution 
is continued by fetching the next instruction in sequence. 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 


DATA MEMORY N 
STATE SYMBOL OPERATION BUS ADDRESS LINES | NOTES 


EE 


Sil Da DD 

Accessible 

ee Le le Oe 
2 2 ee er 2 ee 
Bl id a in 
aa 
}2])0-F] DEC | DEC =|RN-1>RN 1+ RN | Float | 
PP femme DL 

Not Taken; RP + 1 — RP 

ae eee ee 
I ed a i Oe a ee 
2k A 


} 1] OUT1 MRX > BUS; RX + 1 > RX | 1 | Fig. 14 | 
[ore cue 
a cie 
Pore cu 


| | INP 1 BUS > MRX, D Data from Fig. 10 
1/0 Device 

[e | Wee | — Fig. 10 

_| * INP7 } Fig. 10 | 10 


MRX — (X, P); RX + 1 > RX; icied 8 
1 5 1E 
MRX — (X, P); RX + 1 — RX; Fig. 8 
0O->1E 


a ec cs 
ee 
Sc 
Ts [see famooen aor [wx [me [ef 

Te [sir fise@ or oF sem | Fee [| | 
a 
OS 


i 
OEGE 
a 
a 
ro) 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 
DATA MEMORY N 
STATE SYMBOL OPERATION BUS ADDRESS LINES | NOTES 
MARK X, P) > T, MR2; P > X; Fig. 7 
. 1— R2 


| REQ = {0 - O2Q | Float | | Fig. 6 6 


a oe oe a 


C ADCI MRP + D + DF —> DF, D; Fig. 8 
RP + 1 
MRP - D - DFN > DF, D; 
RP + 1 


F SMBI D - MRP - DFN > DF, D; 
RP +1 
ie Ld a ee es 


Fig. 8 


Fig. 6 
Fig. 8 


Fig. 6 
2 ad om x 


Fig. 6 
Fig. 6 


oO 
mn 
e) 
L 

D 
z= 
i 


Fig. 9 


S1#1 C | 0-3, | Long Branch | Taken: MRP > B; RP +1 —> 

8-B RP 
Taken: B > RP.1; M(RP + 1) RP + 1 
MRP — RP.O 


S1#1 Not Taken: RP + 1 RP | MRP | RP | 
| #2 Not Taken: RP + 1 — RP M(RP + 1) 
S1#1 


Fig. 9 


Fig. 9 
Fig. 9 
Fig. 9 
Fig. 9 


Taken: RP + 1 > RP M(RP + 1) 


Not Taken: No Not Taken: No Operation | 


Not Taken: No 4 


No Operation 
2 No Operation 


Long Skip | Taken: RP + 1—> RP | MRP | RP 
S1#1 


Fig. 9 
Fig. 9 


Ai mnNMMOOANOONW 


Fig. 9 
Fig. 9 
Fig. 6 
Fig. 6 
Fig. 8 


MRX OR D> D 
MRX AND D > D 
MRX XOR D > D 
MRX + D > DF, D 
MRX - D > DF, D 
D - MRX > DF, D 


Fig. 8 


Fig. 6 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


DATA MEMORY N 
STATE SYMBOL OPERATION BUS ADDRESS LINES | NOTES 


St F | 8 flo | MRP > D; RP +1— RP 1 Fig. 8 
| 9 | OR MRP ORD > D: RP +1—>RP 
MRP AND D> D: RP + 1—> RP 

XRI MRP XOR D > D: RP +13 
RP 

C ADI MRP + D > DF, D; RP + 1—> 
RP 

SDI MRP - D > DF, D: RP + 1— 
RP 

F D - MRP - DF, D; RP +1 > 
RP 


$2 DMA IN BUS — MRO; RO + 1 > RO Data from 1 6, Fig. 12 
I/O Device 


DMAOUT MRO — BUS; RO + 1 > RO ) MRO | RO | 0 | 6, Fig. 13 


m= , 
S3 INTERRUPT X,P>T;0-1E,1-P; Float 1 1 Fig. 14 
2X 


CMOS 
uPROCESSORS 


NOTES: 
1. IE=1, TPA, TPB suppressed, state = S1. 
2. BUS = 0 for entire cycle. 
3. Next state always S1. 
4. Wait for DMA or INTERRUPT. 
5. Suppress TPA, wait for DMA. 
6. IN REQUEST has priority over OUT REQUEST. 
7. See Timing Waveforms, Figure 5 through Figure 14 for machine cycles. 


Operating and Handling Considerations 


Handling 


All inputs and outputs of Harris CMOS devices have a net- 
work for electrostatic protection during handling. 


Operating 


Operating Voltage - During operation near the maximum 
supply voltage limit care should be taken to avoid or suppress 
power supply turn-on and turn-off transients, power supply rip- 
ple, or ground noise; any of these conditions must not cause 
Vpp - Vss to exceed the absolute maximum rating. 


Input Signals - To prevent damage to the input protection 
circuit, input signals should never be greater than Vpp nor 
less than Vgs. Input currents must not exceed 10mA even 
when the power supply is off. 


Unused Inputs - A connection must be provided at every 
input terminal. All unused input terminals must be connected 
to either Vpp or Vss, whichever is appropriate. 


Output Short Circuits - Shorting of outputs to Vpp or Vss 
may damage CMOS devices by exceeding the maximum 
device dissipation. 
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Features 


e For Use In Aerospace, Military, and Critical Industrial 
Equipment 


Minimum Instruction Fetch-Execute Time of 4.5.1s 
(Maximum Clock Frequency of 3.6MHz) at Vpp = 5V, Ta 
= +25°C 


Operation Over the Full Military 
Temperature Range -55°C to +125°C 


Any Combination of Standard RAM and ROM Up to 
65,536 Bytes 


8—Bit Parallel Organization With Bidirectional Data 
Bus and Multiplexed Address Bus 


16 x 16 Matrix of Registers for Use as Multiple Pro- 
gram Counters, Data Pointers, or Data Registers 


On-Chip DMA, Interrupt, and Flag Inputs 
High Noise Immunity 
Ordering Information 


TEMP. RANGE 
(°C) 5V - 3.2MHz 


SBDIP -55 to 125 CDP1802ACD3 D40.6 


30% of Vpp 


CDP1802AC/3 


High-Reliability CMOS 8-Bit Microprocessor 


Description 


The CDP1802A/3 High-Reliability LS! CMOS 8-bit register 
oriented Central-Processing Unit (CPU) is designed for use 
as a general purpose computing or control element in a wide 
range of stored-program systems or products. 


The CDP1802A/3 includes all of the circuits required for 
fetching, interpreting, and executing instructions which have 
been stored in standard types of memories. Extensive 
input/output (I/O) control features are also provided to facili- 
tate system design. 


The 1800 Series Architecture is designed with emphasis on 
the total microcomputer system as an integral entity so that 
systems having maximum flexibility and minimum cost can be 
realized. The 1800 Series CPU also provides a synchronous 
interface to memories and external controllers for I/O devices, 
and minimizes the cost of interface controllers. Further, the I/O 
interface is capable of supporting devices operating in polled, 
interrupt-driven, or direct memory-access modes. 


The CDP1802AC/3 is functionally identical to its predeces- 
sor, the CDP1802. The “A” version includes some perfor- 
mance enhancements and can be used as a direct 
replacement in systems using the CDP 1802. 


This type is supplied in 40 lead dual-in-line sidebrazed 
ceramic packages (D suffix). 


CDP1802AC/3 (SBDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


File Number 
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ADDRESS BUS 


CDP1852 
INPUT PORT 


Cc 
S 


S 
- 


DL 


cS 
-L—| LE _ 


CDP1802 
8-BIT CPU 


CDP1824 
32 BYTE RAM 


2 
R 
1 


DATA 


8-BIT DATA BUS 


FIGURE 1. TYPICAL CDP1802A/3 SMALL MICROPROCESSOR SYSTEM 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) Ba (CCIW) 8yc (PCCW) 
(All Voltages Referenced to Vsg Terminal) SBDIP Package 55 15 
CDP1 802AC/3 CRA CTA TECVLSTNSCKRIVWKDEBDHD TAH Re HE -0.5V to +7V Device Dissipation Per Output Transistor 
Input Voltage Range, All Inputs ......+..+++. “0.5V to Vpp +0.5V Ta = Full Package Temperature Range................. 100mW 
DC Input Current, any One Input......................... +10mA Operating Temperature Range (Ta) 
Package Type D... 6.40. eccaeeedsesnvawenes -55°C to +125°C 
Storage Temperature Range (TsTq)...---.-+ +: -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 +1/32 In. (1.59 +0.79mm) 
from case for 10s Max ........ 00. e cece cece eee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges 


SO 
a 
fmicomomarwatewwrariee YP 


Performance Specifications 


Maximum Clock Input Frequency, 
Load Capacitance (C;_) = 50pF, fo. 


NOTE: 


1. Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch and Long Skip, which require 3 
machine cycles - one Fetch and two Execute operations. 


Static Electrical Specifications All Limits are 100% Tested 


) CONDITIONS -55°C, +25°C +125°C 
a. 
PARAMETER (V) Vin, (V) | Voc, Vop (V) UNITS 


Output Low Drive (Sink) Current a 


(Except XTAL), lo id bel 
an 
Ie 


Output High Drive (Source) 
Current (Except XTAL), loy 


Output Voltage Low-Level, Voy 


Output Voltage High-Level, Voy 


oe 
pas [os | os 
Lees ee 


' 
t 
- 
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Static Electrical Specifications All Limits are 100% Tested (Continued) 


[own [easel] mm [me 

PARAMETER (V) Vin, (V) | Voce, Vop (V) UNITS 

es ce 
se ce 
ity yee 
ae 


it ; 
Input High Voltage, Vip 0.5, 4.5 Le | 8 | V 
Input Leakage Current, lin Any 5 pA 
Input 

Three-State Output Leakage 0,5 0,5 5 pA 
Current, lout 

NOTE: 

2. 5V level characteristics apply to Part No. CDP1802AC/3, and 5V and 10V level characteristics apply to part No. CDP1802A/3. 


Timing Specifications As a Function of T (T = 1/4CLOCK), Cy = 50 pF 


LIMITS (NOTE 3) ae 
PARAMETER Vpp (V)_ | -55°C, +25°c | +125°C UNITS 


[eroarnenyasieseressewren Smee |e | are | era [re 
[iercrantorayasienorerowmerPaTans |S | vee | vew | m 
Low-Order Memory-Address Byte Hold After WR Time, ty a 
a 

—- 


CPU Data to Bus Hold After WR Time, ty T-170 T-250 
Required Memory Access Time Address to Data, tacc a 5T-300 5T-400 


NOTE: 
3. These limits are not directly tested. 


Implicit Specifications (Note 4) Ta = -55°C to +25°C 


TYPICAL 
PARAMETER SYMBOL Vpp (V) VALUES UNITS 


Typical Total Power Dissipation f = 2MHz of om 
ee 


4 WwW 
Idle “OO” at M(0000), Cy = 50pF 
pF 
5 pF 
4 V 
10 pA 


[secinacemieseniee 
ec 

emmonmneemeeee a 
a ce 


NOTE: 
4. These specifications are not tested. Typical values are provided for guidance only. 


=f 
em | 


3-33 


CMOS 
uPROCESSORS 


CDP1802AC/3 


Dynamic Electrical Specifications C, = 50pF, Timing Measurement at 0.5 Vpp Point 


5°C TO +25°C +125°C 


PARAMETERS UNITS 


Progagation Delay Times, tp_y, tpHL 
Clock to TPA, TPB 


Clock-to-Memory High Address Byte, tpcH, tpHL PB 

Clock-to-Memory Low Address Byte Valid, tp_y, tpyL 

Clock to MRD, tpH, tpHL ae 

Clock to MWR, teH, tepHL az 

Clock to (CPU DATA to BUS) Valid, tp_y, tpHL 

Clock to State Code, tp_H, tpHL 8 

Clock to Q, tpLH, tpHL p 8 | 

Clock to N (0 - 2), tp_H, tpHL 8 | 
Interface Timing Requirements (Note 5) 

Data Bus Input Setup, tsy Le! 

a 

a 

2 

a 

_ 

a 

= 

= 


Data Bus Input Hold, ty 5 


DMA Hold, ty 

Interrupt Setup, tsy s) 
Interrupt Hold, ty 

WAIT Setup, tsy 5 
EF1-4 Setup, tsy 

EF1-4 Hold, ty 


Required Pulse Width Times 
CLEAR Pulse Width, tw. 


CLOCK Pulse Width, ty, 


5 
CT 
fm [| | 
= 
ee 
ee 
eo 
ee oe 
as 
se ee 
ce oe 
pe fo [e 
ee 
ee 
ee 
ee 
ee 
ee ca 
a ca 
ee 
po [=| 
eee 


NOTE: 
5. Minimum input setup and hold times required by Part CDP1802AC/3. 
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TPB , 
| = tsy —~ ty te | ; 
I ’ 
M Y ZW HIGH ORDER | LOW ORDER l 
ADDRESS ‘PLH, yf ADDRESS BYTE! ‘PLH, 'PHUP 1ADDRESSBYTE | ‘PLH, PHY <a NY 
ieee 1 I | | I 
MRD | tpLy | tpHi) I | | tpLH 
(MEMORY '<a—s | 1 ' | 1 
READ CYCLE) ; | 
| I 
MWR 
(MEMORY | PL ) 
WRITE CYCLE) | tpHe | 
| | | 
DATA FROM | Uae baa | 
CPU TO BUS | | PLH, PHL ; 


NO, N1, N2 
(vO 
EXECUTION 
CYCLE) 


DATA FROM 
BUS TO CPU 


DMA 
REQUEST INTERRUPT 


l l SAMPLED (S1, $2) 


INTERRUPT FLAG LINES 


REQUEST 1 SAMPLED (IN SI) 


F 1-4 


| ANY NEGATIVE 
tsy | TRANSITION 


<—_—__—__» | 


t 
CLEAR diac ie 


NOTES: 
6. This timing diagram is used to show signal relationships only, and does not represent any specific machine cycle. 
7. All measurements are referenced to 50% point of the waveforms. 
8. Shaded areas indicate “don’t care” or undefined state. Multiple transitions may occur during this period. 
FIGURE 2. TIMING WAVEFORMS 
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Performance Curves 


LOAD CAPACITANCE (C_) = 50pF 


a 


(foL) (MHz) 


SYSTEM MAXIMUM CLOCK FREQUENCY 
(fcL) (MHz) 
he 
SYSTEM MAXIMUM CLOCK FREQUENCY 


LETT ti i | | 


25.35 45 55 65 75 865 95 105 115 125 12 
AMBIENT TEMPERATURE (Ta) (°C) SUPPLY VOLTAGE (Vpp) (V) 
FIGURE 3. TYPICAL MAXIMUM CLOCK FREQUENCY ASA FIGURE 4. TYPICAL MAXIMUM CLOCK FREQUENCY ASA 
FUNCTION OF TEMPERATURE FUNCTION OF SUPPLY VOLTAGE 


GATE TO SOURCE VOLTAGE (Vgs) = -5V 7 
— | 
Rane 


(lon -mA) 


AMBIENT TEMPERATURE = -40 TO +85°C 


TRANSITION TIME (trHi, trLH) (ns) 
OUTPUT HIGH (SOURCE) CURRENT 


0 25 50 75 100 125 150 175 200 


LOAD CAPACITANCE (C_) (pF) DRAIN TO SOURCE VOLTAGE (Vps) (V) 
FIGURE 5. TYPICAL TRANSITION TIME vs LOAD FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CAPACITANCE CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = 25°C =n we 


GATE TO SOURCE VOLTAGE (Vgs) = 5V 


Le! 
ati iti til 


0 1 10 
DRAIN-TO-SOURCE ee ee > 


TYPICAL POWER DISSIPATION 


OUTPUT LOW (SINK) CURRENT (Io,) (mA) 


CLOCK INPUT FREQUENCY (fc) (MHz) 


NOTES: 
9. Idle = “00” at M (0000) 
10. Branch = “3707” at M (8107) 


FIGURE 7. MINIMUM OUTPUT LOW (SINK) CURRENT FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION 
CHARACTERISTICS OF CLOCK FREQUENCY FOR BRANCH 
INSTRUCTION AND IDLE INSTRUCTION 
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Performance Curves (continued) 


A PROPAGATION DELAY TIME 
(AtpLH; AtpHL) (ns) 


0 50 100 150 200 
A LOAD CAPACITANCE (4 C_) (pF) 


NOTE: Any output except XTAL. 
FIGURE 9. TYPICAL CHANGE IN PROPAGATION DELAY AS A FUNCTION OF A CHANGE IN LOAD CAPACITANCE 


Burn-In Circuit 
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CMOS 8-Bit Microprocessor 
March 1997 with On-Chip RAM? and Counter/Timer 


Features Description 


¢ Instruction Time of 3.2us, -40°C to +85°C The CDP1805AC and CDP1806AC are functional and per- 
formance enhancements of the CDP1802 CMOS 8-bit regis- 
ter-oriented microprocessor series and are designed for use 
in general-purpose applications. 


The CDP1805AC hardware enhancements include a 64- 
Low-Power IDLE Mode byte RAM and an 8-bit presettable down counter. The 

; ; ; ; Counter/Timer which generates an internal interrupt request, 
Pin Compatible wit GOPISG2 Except ior Terminal tS ex be programmed for use in timebase, event-counting, 


64K-Byte Memory Address Capability and _ pulse-duration measurement applications. The 
Counter/Timer underflow output can also be directed to the 


64 Bytes of On-Chip RAM} Q output terminal. The CDP1806AC hardware enhance- 
16 x 16 Matrix of On-Board Registers ments are identical to the CDP1805AC, except the 
CDP1806AC contains no on-chip RAM. 


The CDP1805AC and CDP1806AC software enhancements 

8-Bit Counter/Timer include 32 more instructions than the CDP1802. The 32 new 
software instructions add subroutine call and return capabil- 
ity, enhanced data transfer manipulation, Counter/Timer con- 
trol, improved interrupt handling, single-instruction loop 
counting, and BCD arithmetic. 


¢ 123 Instructions - Upwards Software Compatible With 
CDP1802 


BCD Arithmetic Instructions 


On-Chip Crystal or RC Controlled Oscillator 


Upwards software and hardware compatibility is maintained 
when substituting a CDP1805AC or CDP1806AC for other 
CDP1800-series microprocessors. Pinout is identical except 
for the replacement of Vcc with ME on the CDP1805AC and 
the replacement of Vcc with Vpp on the CDP1806AC. 


Ordering Information 


[cppreosac | CDPI606AC__| TEMPERATURE RANGE | PACKAGE [| PKGNO. 
ee ee 


CDP1805ACD CDP1806ACD -40°C to +85°C SBDIP D40.6 


+ CDP1805AC Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 370 2 
Copyright © Harris Corporation 1997 3.38 
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Pinouts 
CDP1805AC, CDP1806AC CDP1805AC, CDP1806AC 
(PDIP, SBDIP) (PLCC, PACKAGE TYPE Q) 
TOP VIEW TOP VIEW 
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FIGURE 1. TYPICAL CDP1805AC, CDP1806AC SMALL MICROPROCESSOR SYSTEM 


3-39 


Ov-€ 


IV9081ddd GNV DVS08lddd HOS WVHDVIG NOO1E ‘2 SHNDIs 


VO REQUESTS 
MEMORY ADDRESS LINES VOFLAGS / =e (\ CONTROL 


DMA 
hcwewsun\/eres\ fi SN 
MA7 MAS MA3 MAt1 EF DMA 


1 EF3 
ME FOR CDP1805AC Lies a 
Vpp FOR CDP1806AC MAG T MA4 T MA2 T MAO \FP war 
CDP1805AC 
i“ ! Mx 
j 
| 
| os | Seu as @g — 
| eg O4-BYTE yt 


CONTROL AND 
TIMING LOGIC 


8-BIT CONTROL 
COUNTER/TIM 


TC 
INTERRUPT INSTRUCTION 
LOGIC DECODE 


8-BIT BIDIRECTIONAL DATA BUS 


CLOCK 


XTAL 

sco STATE 
SCI CODES 
Q LOGIC 

TPA 


TPB SYSTEM 
MWR | TIMING 


NO 


Me) 
N1 | COMMANDS 
N2 


IV908Lddd ‘DVS08lddd 


CDP1805AC, CDP1806AC 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical, Note 2) Oya (CCIW) By (PCCW) 
(All Voltages Referenced to Vssg Terminal)......... -0.5V to +7V PDIP Package................00. 50 N/A 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V PLCC Package ...............00. 46 N/A 
DC Input Current, any One Input......................... +10mA SBDIP Package...............00. 55 15 
Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range .............. 100mW 
Operating Temperature Range (Ta) 
Package Type D......sseecaassannscwneas -55°C to +125°C 
Package Type EandQ..................05. -40°C to +85°C 
Storage Temperature Range (TsTgq)............ -65°C to +150°C 


Lead Temperature (During Soldering) 

At Distance 1/16 +1/32in (1.59 + 0.79mm) from case for 

108 GR ono in doe bneuh botguaceakde Gasteurinees +265°C 
Printed Circuit Board Mount: 57mm x 57mm Minimum Area x 
1.6mm Thick G10 Epoxy Glass, or Equivalent. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions T, = Full-Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges. 


TEST CONDITIONS 
Vpp 


PARAMETER 


Maximum DMA Transfer Rate 


Maximum Clock Input Frequency, 
Load Capacitance (C,) = 50pF 


Maximum External Counter/T imer Clock 
Input Frequency to EF1, EF2 


NOTES: 


1. Equals 2 machine cycles - one Fetch and one Execute operation for all instructions except Long Branch, Long Skip, NOP, and “68” family 
instructions, which are more than two cycles. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Static Electrical Specifications at Ts = -40°C to +85°C, Vpp +5%, Except as Noted 


CDP1805ACD, CDP1805ACE 
CDP1806ACD, CDP1806ACE 
Vo VIN Vpp (NOTE 3) 
PARAMETER (V) (V) (V) TYP UNITS 


XTAL, lon 


Output Voltage Low Level, VoL ee 8 
Output Voltage High Level, Vor ES ESZER ES a 
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Static Electrical Specifications at T, = -40°C to +85°C, Vpp +5%, Except as Noted (Continued) 


CDP1805ACD, CDP1805ACE 
CDP1806ACD, CDP1806ACE 
Vo VIN Vpp 
PARAMETER (V) (V) (V) 


(NOTE 3) 
TYP UNITS 


Schmitt Trigger Input Voltage (Except BUSO - BUS7, ME) 
2.2 3.6 V 


Positive Trigger Threshold, Vp 

exes fs [oe [ie [ee |v 
roateaaaecwrenin ——C| Ps | | | | = | 
ree SateOupittesaneGurorsion tas | as | s | - | 2 | = [| *_ 
inoncawactresw CT (| | | dT Ys 
Se 


Total Power Dissipation (Note 4) 
mW 


NOTES: 
3. Typical values are for Tq = +25°C and nominal Vpp. 
4. External clock: f = 5MHZz, trp, te = 10ns; C, = SOpF. 


Negative Trigger Threshold, Viy 


Run 


Dynamic Electrical Specifications at T, = -40° to +85°C; C, = 50pF; Input tp, te = 10ns; Input Pulse Levels = 0.1V to 
Vpp -0.1V; Vpp = 5V, 5%. 


CDP1805AC CDP1806AC 
(NOTE 5) 
PARAMETER TYP 


ES 
OS 
2 — 

— 

= 


Clock to Internal RAM Data to BUS, tp. y, tpH 
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Dynamic Electrical Specifications at T, = -40° to +85°C; C; = 50pF; Input tp, te = 10ns; Input Pulse Levels = 0.1V to 
Vpp -0.1V; Vpp = 5V, +5%. (Continued) 


CDP1 | CDP1805AC CDP1806AC CDP1806AC 
—_— 5) 
PARAMETER TYP UNITS 
Minimum Set-Up And Hold Times (Note 2) 
Data Bus Input Set-Up, tsy 
Data Bus Input Hold, ty 125 225 Le | 


EF 1-4 Set-Up, tsy 


EF1 -4 Hold, ty 


Minimum Pulse Width Times (Note 6) 
CLEAR Pulse Width, tw 


CLOCK Pulse Width, tw 


NOTES: 
5. Typical values are for Ta = 25° C and nominal Vpp. 


uPROCESSORS 


6. Maximum limits of minimum characteristics are the values above which all devices function. 


Timing Specifications as a function of T (T = 'cLock) at Ta = -40 to +85°C, Vpp = SV, 15% 


CDP1805AC, CDP1806AC 


PARAMETER 


High-Order Memory-Address Byte 
Set-Up to TPA “* Time, tsy 


MRD to TPA “_ Time, tgy T/2 -100 T/2 -75 


High-Order Memory-Address Byte 
Hold after TPA Time, ty T/2 +75 T/2 +100 


Low-Order Memory-Address Byte 
Hold after WR Time, ty 


CPU Data to Bus 
Hold after WR Time, ty 


Required Memory Access Time, tacc 
Address to Data 


NOTE: 
7. Typical values are for Ta = +25°C and nominal Vpp. 


3-43 


CDP1805AC, CDP1806AC 


Timing Waveforms For Possible Operating Modes 


-— INTERNAL RAM READ CYCLE —+-— INTERNAL RAM WRITE CYCLE — 


00 10 20 30.40 50. 60-70 00 10 20 30 40 50 60___—-70 
CLOCK 


TPA | i | [ l 


TPB 


ORESs «= _|_HIGH BYTE | | HIGHBYTE J === LOWBYTE 
ADDRESS HIGH BYTE LOW BYTE HIGH BYTE LOW BYTE 


VALID DATA FROM MEMORY I~ a | 


BUS KL LLL LA ALZZA___NALIDDDATA FROM CPU 


NOTE: 


8. ME has a minimum setup and hold time with respect to the beginning of clock 70. For a memory read operation, RAM data will appear 
on the data bus during the time ME is active after clock 31. The time shown can be longer, if for instance, a DMA out operation is per- 
formed on internal RAM data, to allow data enough time to be latched into an external device. The internal RAM is automatically dese- 
lected at the end of clock 71 independent of ME. 


+ For CDP1805AC only. 
FIGURE 3. INTERNAL MEMORY OPERATION TIMING WAVEFORMS 


~<——- EXTERNAL MEMORY READ CYCLE on EXTERNAL MEMORY WRITE CYCLE ——> 
00. —=—10 


00 10 20 #230 #40 #450 #60 _ 70 20. 30 40 #$50 #260 _ 70 


CLOCK 
01 11 1 31 41 51 61 71 01 11 21 31 41 51 671 


MEMORY 
ADDRESS HIGH BYTE LOW BYTE HIGH BYTE LOW BYTE 


Bus V4 patatarcHeoceu } 1/77) vaio patarRomcpu [7 


NOTE: 


+ For CDP1805AC only. 
FIGURE 4. EXTERNAL MEMORY OPERATION TIMING WAVEFORMS 
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l 
| | ) oe | ItpLH f | tpy 
11 I tpLH, ‘PHL I 


Paar 
MEMORY r HIGH ORDER LOW ORDER 
AboRESs 7//AgLM, teh ADDAeSS BYTE XZ 
MRD 


MEMORY 
READ CYCLE) 


TPB 


MWR 
(MEMORY 
WRITE CYCLE) 


+ ME 
| tsyISALLOWABLE \«——»> IY 
ENABLE) : a | | SY INTERNAL RAM _ 
_ ACCESS TIME , , 
=e I | 
++ EMS 
(EXTERNAL . 
MEMORY 


SELECT) 


DATA FROM 
CPU TO BUS 


DATA FROM 
INTERNAL MEMORY 
TO BUS (ME = LOW) 


CMOS 
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STATE CODES 


Q ——_ tpLH, tPHL ——> 1 1 
—e a 
NO, N1, N2 ] tpLHi PHL 
(vO EXECUTION DATA LATCHED, ! 1 
CYCLE) IN CPU tsu 


oyrag WI 


DMA SAMPLED (S1, S2, S3)—_ 


DMA REQUEST : 
] INTERRUPT: ! ty 
SAMPLED (S1, = 
INTERRUPT 
REQUEST | Ng ay | 
su ty \ 
FLAG LINES 
i | SAMPLED END OF SO 
l ' 
ss l 
EF1 - EF4 ' ; 
| 
tsu i! tH tsu , tH 
WAIT <> |< <=> 
tWe 
CLEAR 


NOTES: 


+ This Timing Diagram is used to show signal relationships only, and does not represent any specific machine cycle. 
+ All measurements are referenced to 50% point of the wave forms. 
+ Shaded areas indicate “don’t care” or undefined state. Multiple transitions may occur during this period. 
+ For the run (RAM only) mode only. 
++ For the run (RAM/ROM) mode only. 
FIGURE 5. TIMING WAVEFORMS 
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Enhanced CDP1805AC and CDP1806AC 
Operation 


Timing 
Timing for the CDP1805AC and CDP1806AC is the same as 


the CDP1802 microprocessor series, with the following 
exceptions: 


e 4.5 Clock Cycles Are Provided for Memory Access Instead 
of 5. 


¢ QChanges 1/2 Clock Cycle Earlier During the SEQ and 
REQ Instructions. 


Flag Lines (EF1-EF4) Are Sampled at the End of the SO 
Cycle Instead of at the Beginning of the S1 Cycle. 


¢ Pause Can Only Occur on the Low-To-High Transition of 
Either TPA or TPB, Instead of any Negative Clock Transi- 
tion. 


Special Features 


Schmitt triggers are provided on all inputs, except ME and 
BUS 0-BUS 7, for maximum immunity from noise and slow 
signal transitions. A Schmitt Trigger in the oscillator section 
allows operation with an RC or crystal. 


The CDP1802 Series LOAD mode is not retained. This 
mode (WAIT, CLEAR = 0) is not allowed on the CDP1805AC 
and CDP1806AC. 


A low power mode is provided, which is initiated via the IDLE 
instruction. In this mode all external signals, except the oscil- 
lator, are stopped on the low-to-high transition of TPB. All 
outputs remain in their previous states, MRD is set to a logic 
“1”, and the data bus floats. The IDLE mode is exited by a 
DMA or INT condition. The INT includes both external inter- 
rupts and interrupts generated by the Counter/Timer. The 
only restrictions are that the Timer mode, which uses the 
TPA + 32 clock source, and the underflow condition of the 
Pulse Width Measurement modes are not available to exit 
the IDLE mode. 


Signal Descriptions 


Bus 0 to Bus 7 (Data Bus) 


8-Bit bidirectional DATA BUS lines. These lines are used for 
transferring data between the memory, the microprocessor, 
and |/O devices. 


NO to N2 (I/O) Lines 


Activated by an I/O instruction to signal the I/O control logic 
of a data transfer between memory and |/O interface. These 
lines can be used to issue command codes or device selec- 
tion codes to the I/O devices. The N-bits are low at all times 
except when an |/O instruction is being executed. During this 
time their state is the same as the corresponding bits in the 
N Register. The direction of data flow is defined in the I/O 
instruction by bit N3 (internally) and is indicated by the level 
of the MRD Signal: 


RD = Vpp: Input data from I/O to CPU and memory. 
MRD = Vss: Output data from Memory to I/O. 


EF1 to EF4 (4 Flags) 


These inputs enable the I/O controllers to transfer status 
information to the processor. The levels can be tested by the 
conditional branch instructions. They can be used in con- 
junction with the INTERRUPT request line to establish inter- 
rupt priorities. The flag(s) are sampled at the end of every SO 
cycle. EF1 and EF2 are also used for event counting and 
pulse width measurement in conjunction with the 
Counter/Timer. 


INTERRUPT, DMA-IN, DMA-OUT (3 I/O Requests) 


DMA-IN and DMA-OUT are sampled during TPB every S1, 
S2, and S3 cycle. INTERRUPT is sampled during TPB every 
S1 and S2 cycle. 


Interrupt Action - X and P are stored in T after executing 
current instruction; designator X is set to 2; designator P is 
set to 1; interrupt enable (MIE) is reset to 0 (inhibit); and 
instruction execution is resumed. The interrupt action 
requires one machine cycle (S3). 


DMA Action - Finish executing current instruction; R(0) 
points to memory area for data transfer; data is loaded into 
or read out of memory; and R(0) is incremented. 


NOTE: In the event of concurrent DMA and INTERRUPT requests, 
DMA-IN has priority followed by DMA-OUT and then INTERRUPT. 
(The interrupt request is not internally latched and must be held true 
after DMA). 


SCO, SC1, (2 State Code Lines) 


These outputs indicate that the CPU is: 1) fetching an 
instruction, or 2) executing an instruction, or 3) processing a 
DMA request, or 4) acknowledging an interrupt request. The 
levels of state code are tabulated below. All states are valid 
at TPA. 


STATE CODE LINES 
STATE TYPE | ser SCO 


3 


NOTE: H = Vpp, L= Vss. 


TPA, TPB (2 Timing Pulses) 


Positive pulses that occurrence in each machine cycle (TPB 
follows TPA). They are used by I/O controllers to interpret 
codes and to time interaction with the data bus. The trailing 
edge of TPA is used by the memory system to latch the high- 
order byte of the multiplexed 16-bit memory address. 
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MAO to MA7 (8 Memory Address Lines) 


In each cycle, the higher-order byte of a 16-bit memory 
address appears on the memory address lines MAO-7 first. 
Those bits required by the memory system can be strobed 
into external address latches by timing pulse TPA. The low- 
order byte of the 16-bit address appears on the address 
lines 1/2 clock after the termination of TPA. 


MWR (Write Pulse) 


A negative pulse appearing in a memory-write cycle, after 
the address lines have stabilized. 


MRD (Read Level) 


A low level on MRD indicates a memory read cycle. It can be 
used to control three-state outputs from the addressed 
memory and to indicate the direction of data transfer during 
an I/O instruction. 


Q 


Single bit output from the CPU which can be set or reset, 
under program control. During SEQ and REQ instruction 
execution, Q is set or reset between the trailing edge of TPA 
and the leading edge of TPB. The Q line can also be con- 
trolled by the Counter/Timer underflow via the Enable Toggle 
Q instruction. 


The Enable Toggle Q command connects the Q-line flip-flop 
to the output of the counter, such that each time the counter 
decrements from 01 to its next value, the Q line changes 
state. This command is cleared by a LOAD COUNTER 
(LDC) instruction with the Counter/Timer stopped, a CPU 
reset, or a BRANCH COUNTER INTERRUPT (BCI) instruc- 
tion with the counter interrupt flip-flop set. 


Clock 


Input for externally generated single-phase clock. The maxi- 
mum clock frequency is 5MHz at Vpp = 5V. The clock is 
counted down internally to 8 clock pulses per machine cycle. 


XTAL 


Connection to be used with clock input terminal, for an exter- 
nal crystal, if the on-chip oscillator is utilized. 


WAIT, CLEAR (2 Control Lines) 


Provide four control modes as listed in the following truth 
table: 


CLEAR 


ME (Memory Enable CDP1805AC Only) 


This active low input is used to select or deselect the internal 
RAM. It must be active prior to clock 70 for an internal RAM 
access to take place. Internal RAM data will appear on the 
data bus during the time that ME is active (after clock 31). 
Thus, if this data is to be latched into an external device (i.e., 
during an OUTPUT instruction or DMA OUT cycle), ME 
should be wide enough to provide enough time for valid data 
to be latched. The internal RAM is automatically deselected 
after clock 71. ME is ineffective when MRD ¢ MWR = 1. 


The internal RAM is not internally mask-decoded. Decoding 
of the starting address is performed externally, and may 
reside in any 64-byte block of memory. 


Vpp (CDP1806AC Only) 


This input replaces the ME signal of the CDP1805AC and 
must be connected to the positive power supply. 


Vpp; Vss; (Power Levels) 


Vsg is the most negative supply voltage terminal and is nor- 
mally connected to ground. Vpp is the positive supply volt- 
age terminal. All outputs swing from Vss to Vpp. The 
recommended input voltage swing is from Vss to Vpp. 


Architecture 


Figure 2 shows a block diagram of the CDP1805AC and 
CDP1806AC. The principal feature of this system is a regis- 
ter array (R) consisting of sixteen 16-bit scratchpad regis- 
ters. Individual registers in the array (R) are designated 
(selected) by a 4-bit binary code from one of the 4-bit regis- 
ters labeled N, P, and X. The contents of any register can be 
directed to any one of the following paths: 


1. The external memory (multiplexed, higher-order byte first 
on to 8 memory address lines). 


2. The D register (either of the two bytes can be gated to D). 


3. The increment/decrement circuit where it is increased or 
decreased by one and stored back in the selected 16-bit 
register. 


4. To any other 16-bit scratch pad register in the array. 


The four paths, depending on the nature of the instruction, 
may operate independently or in various combinations in the 
same machine cycle. 


Most instructions consist of two 8-clock-pulse machine 
cycles. The first cycle is the fetch cycle, and the second, and 
more if necessary, are execute cycles. During the fetch cycle 
the four bits in the P designator select one of the 16 registers 
R(P) as the current program counter. The selected register 
R(P) contains the address of the memory location from 
which the instruction is to be fetched. When the instruction is 
read out from the memory, the higher order 4 bits of the 
instruction byte are loaded into the register and the lower 
order 4 bits into the N register. The content of the program 
counter is automatically incremented by one so that R(P) is 
now “pointing” to the next byte in the memory. 
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The X designator selects one of the 16 registers R(X) to 
“point” to the memory for an operand (or data) in certain ALU 
or I/O operations. 


The N designator can perform the following five functions 
depending on the type of instruction fetched: 


1. Designate one of the 16 registers in R to be acted upon 
during register operations. 


2. Indicate to the I/O devices a command code or device- 
selection code for peripherals. 


3. Indicate the specific operation to be executed during the 
ALU instructions, types of tests to be performed during 
the Branch instructions, or the specific operation required 
in a class of miscellaneous instructions. 


4. Indicate the value to be loaded into P to designate a new 
register to be used as the program counter R(P). 


5. Indicate the value to be loaded into X to designate a new 
register to be used as data pointer R(X). 


The registers in R can be assigned by a programmer in three 
different ways as program counters, as data pointers, or as 
scratchpad locations (data registers) to hold two bytes of 
data. 


Program Counters 


Any register can be the main program counter; the address 
of the selected register is held in the P designator. Other reg- 
isters in R can be used as subroutine program counters. By 
a single instruction the contents of the P register can be 
changed to effect a “call” to subroutine. When interrupts are 
being serviced, register R(1) is used as the program counter 
for the user's interrupt servicing routine. After reset, and dur- 
ing a DMA operation, R(0) is used as the program counter. 
At all other times the register designated as program counter 
is at the discretion of the user. 


Data Pointers 


The registers in R may be used as data pointers to indicate a 
location in memory. The register designated by X (i.e., R(X)) 
points to memory for the following instructions (see Table 1): 


1. ALU operations. 

. Output instructions. 

. Input instructions. 

. Register to memory transfer. 


. Memory to register transfer. 


oOo oa -& W PY 


. Interrupt and subroutine handling. 


The register designated by N (i.e., R(N)) points to memory 
for the “load D from memory” instructions ON and 4N and 
the “Store D” instruction 5N. The register designated by P 
(i.e., the program counter) is used as the data pointer for 
ALU instructions F8-FD, FF, 7C, 7D, 7F, and the RLDI 
instruction 68CN. During these instruction executions, the 
operation is referred to as “data immediate”. 


Another important use of R as a data pointer supports the 
built-in Direct-Memory-Access (DMA) function. When a 
DMA-In or DMA-Out request is received, one machine cycle 
is “stolen”. This operation occurs at the end of the execute 
machine cycle in the current instruction. Register R(0) is 
always used as the data pointer during the DMA operation. 
The data is read from (DMA-Out) or written into (DMA-In) the 
memory location pointed to by the R(0) register. At the end 
of the transfer, R(0) is incremented by one so that the pro- 
cessor is ready to act upon the next DMA byte transfer 
request. This feature in the CDP1805AC and CDP1806AC 
architecture saves a substantial amount of logic when fast 
exchanges of blocks of data are required, such as with mag- 
netic discs or during CRT-display-refresh cycles. 


Data Registers 


When registers in R are used to store bytes of data, instruc- 
tions are provided which allow D to receive from or write into 
either the higher-order- or lower-order-byte portions of the 
register designated by N. By this mechanism (together with 
loading by data immediate) program pointer and data pointer 
designations are initialized. Also, this technique allows 
scratchpad registers in R to be used to hold general data. By 
employing increment or decrement instructions, such regis- 
ters may be used as loop counters. The new RLDI, RLXA, 
RSXD, and RNX instructions also allow loading, storing, and 
exchanging the full 16-Bit contents of the R registers without 
affecting the D register. The new DBNZ instruction allows 
decrementing and branching-on-not-zero of any 16-Bit R 
register also without affecting the D register. 


The Q Flip-Flop 


An internal flip-flop, Q, can be set or reset by instruction and 
can be sensed by conditional branch instructions. It can also 
be driven by the underflow output of the counter/timer The 
output of Q is also available as a microprocessor output. 


REGISTER SUMMARY 


[ai a cay 


4 Bits | Designates which Register is Program 
Counter 


[ais [Desqnatos wich Regeters Baa Ponier 
[aie [Rots Low-Orderins. Bak 
rer foainny 
=| orto 


CNTR 
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Interrupt Servicing 


Register R(1) is always used as the program counter when- 
ever interrupt servicing is initialized. When an interrupt 
request occurs and the interrupt is allowed by the program 
(again, nothing takes place until the completion of the cur- 
rent instruction), the contents of the X and P registers are 
stored in the temporary Register T, and X and P are set to 
new values; hex digit 2 in X and hex digit 1 in P. Master Inter- 
rupt Enable is automatically deactivated to inhibit further 
interrupts. The user's interrupt routine is now in control; the 
contents of T may be saved by means of a single SAV 
instruction (78) in the memory location pointed to by R(X) or 
the contents of T, D, and DF may be saved using a single 
DSAV instruction (6876). At the conclusion of the interrupt, 
the user's routine may restore the pre-interrupted value of X 
and P with either a RET instruction (70) which permits fur- 
ther interrupts, or a DIS instruction (71), which disables fur- 
ther interrupts. 


Interrupt Generation and Arbitration (See Figure 6) 


Interrupt requests can be generated from the following 
sources: 


1. Externally through the interrupt input (request not 
latched). 


2. Internally due to Counter/Timer response (request is 
latched). 


a. On the transition from count (01)4¢ to its next value 
(counter underflow). 


b. On the _* transition of EF1 in pulse measurement 
mode 1. 


c. On the _/ transition of EF2 in pulse measurement 
mode 2. 


For an interrupt to be serviced by the CPU, the appropriate 
Interrupt Enable flip-flops must be set. Thus, the External 
Interrupt Enable flip-flop must be set to service an external 
interrupt request, and the Counter Interrupt Enable flip-flop 
must be set to service an internal Counter/Timer interrupt 
request. In addition, the Master interrupt Enable flip-flop (as 
used in the CDP1802) must be set to service either type of 
request. All 3 flip-flops are initially enabled with the applica- 
tion of a hardware reset, and, can be selectively enabled or 
disabled with software: CIE, CID instructions for the CIE flip- 
flop; XIE, XID instructions for the XIE flip-flop; RET, DIS 
instructions for the MIE flip flop. 


Short branch instructions on Counter Interrupt (BCI) and 
External Interrupt (BXI) can be placed in the user's interrupt 
service routine to provide a means of identifying and priori- 
tizing the interrupt source. Note, however, that since the 
External Interrupt request is not latched, it must remain 
active until the short branch is executed if this priority arbitra- 
tion scheme is used. 


Interrupt requests can also be polled if automatic interrupt 
service is not desired (MIE = 0). With the Counter Interrupt 
and External Interrupt short branch instructions, the branch 
will be taken if an interrupt request is pending, regardless of 
the state of any of the 3 Interrupt Enable flip-flops. The 
latched counter interrupt request signal will be reset when 
the branch is taken, when the CPU is reset, or with a LDC 
instruction with the Counter stopped. Note, that exiting a 
counter-initiated interrupt routine without resetting the 
counter-interrupt latch will result in immediately reentering 
the interrupt routine. 


Counter/Timer and Controls (See Figure 7) 


This logic consists of a presettable 8-Bit down-counter (Mod- 
ulo N type), and a conditional divide-by-32 prescaler. After 
counting down to (01);¢gthe counter returns to its initial value 
at the next count and sets the Counter Interrupt Latch. It will 
continue decrementing on subsequent counts. If the counter 
is preset to (00)46 full 256 counts will occur. 


During a Load Counter instruction (LDC) if the counter was 
stopped with a STPC Instruction, the counter and its holding 
register (CH) are loaded with the value in the D Register and 
any previous counter interrupt is cleared. If the LDC is exe- 
cuted when the counter is running, the contents of the D 
Register are loaded into the holding register (CH) only and 
any previous counter interrupt is not cleared. (LDC RESETS 
the Counter Interrupt Latch only when the Counter is 
stopped). After counting down to (01)1¢ the next count will 
load the new initial value into the counter, set the Counter 
Interrupt Latch, and operation will continue. 
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XIE EXTERNAL 
) —1S interrupt @ 
RESET a 
XID Rs (xIE) 


MIE 
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TO BRANCH 
LOGIC (BX!) 


FIGURE 6. INTERRUPT LOGIC CONTROL DIAGRAM 


The Counter/Timer has the following five programmable 
modes: 


1. Event Counter 1: Input to counter is connected to the EF1 
terminal. The high-to-low transition decrements the 
counter. 


2. Event Counter 2: Input to counter is connected to the EF2 
terminal. The high-to-low transition decrements the 
counter. 


3. Timer: Input to counter is from the divide by 32 prescaler 
clocked by TPA. The prescaler is decremented on the 
low-to-high transition of TPA. The divide by 32 prescaler 
is reset when the counter is in a mode other than the 
Timer mode, system RESET, or stopped by a STPC. 


4. Pulse Duration Measurement 1: Input to counter con- 
nected to TPA. Each low-to-high transition of TPA decre- 
ments the counter if the input signal at EF1 terminal (gate 
input) is low. On the transition of EF1 to the positive state, 
the count is stopped, the mode is cleared, and the inter- 
rupt request latched. If the counter underflows while the 
input is low, interrupt will also be set, but counting will 
continue. 


5. Pulse Duration Measurement 2: Operation is identical to 
Pulse Duration Measurement 1, except EF2 is used as 
the gate input. 


The modes can be changed without affecting the stored 
count. 


Those modes which use EF1 and EF2 terminals as inputs 
do not exclude testing these flags for branch instructions. 


The Stop Counter (STPC) instruction clears the counter 
mode and stops counting. The STPC instruction should be 
executed prior to a GEC instruction, if the counter is in the 
Event Counter Mode 1 or 2. 


In addition to the five programmable modes, the Decrement 
Counter instruction (DTC) enables the user to count in soft- 
ware. In order to avoid conflict with counting done in the 
other modes, the instruction should be used only after the 
mode has been cleared by a Stop Counter instruction. 


The Enable Toggle Q instruction (ETQ) connects the Q-line 
flip-flop to the output of the counter, such that each time the 
counter decrements from 01 to its next value, the Q output 
changes state. This action is independent of the counter 
mode and the Interrupt Enable flip-flops. The Enable Toggle 
Q condition is cleared by an LDC with the Counter/Timer 
stopped, system Reset, or a BCI with Cl = 1. 


NOTE: SEQ and REQ instructions are independent of ETQ, they 
can SET or RESET Q while the Counter is running. 


On-Board Clock (See Figure 8, Figure 9 and Figure 10) 


Clock circuits may use either an external crystal or an RC 
network. 


A typical crystal oscillator circuit is shown in Figure 8. The 
crystal is connected between terminals 1 and 39 (CLOCK 
and XTAL) in parallel with a resistance, RF (1mQ typ). Fre- 
quency trimming capacitors, Cjjyy and Coyrt, may be required 
at terminals 1 and 39. For additional information on crystal 
oscillators, see ICAN-6565. 
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FIGURE 7. TIMER/COUNTER DIAGRAM & 

7] 

Because of the Schmitt Trigger input, an RC oscillator can rs - 
be used as shown in Figure 9. The frequency is approxi- = oO 
mately 1/RC (see Figure 10). 2 
= 


5MHz PARALLEL 
Cin RESONANT Cout 


15pF T CRYSTAL He 


FREQUENCY (Hz) 


+Pin numbers refer to 40 pin DIP. 


FIGURE 8. TYPICAL 5MHz CRYSTAL OSCILLATOR FIGURE 10. NOMINAL COMPONENT VALUES AS A FUNCTION 
OF FREQUENCY FOR THE RC OSCILLATOR 


CONTROL MODES 


[ete [WaT [wooed 
a 
a 
a 


[- 


= a 


+Pin numbers refer to 40 pin DIP. 
FIGURE 9. RC NETWORK FOR OSCILLATOR 
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The function of the modes are defined as follows: 


Reset 


The levels on the CDP1805A and CDP1806A external signal 
lines will asynchronously be forced by RESET to the follow- 
ing states: 


Q=0 $C1, SCO =0,1 BUS 0-7 = 0 

MRD = 1 (EXECUTE) MAO-7 = RO.1 

TPB =0 NO, N1, N2=0, 0,0 TPA=0 
MWR = 1 


Internal Changes Caused By RESET are: 


I, N Instruction Register is cleared to 00. XIE and CIE are set 
to allow interrupts following initialize. CIL is cleared (any 
pending counter interrupt is cleared), counter is stopped, the 
counter mode is cleared, and ETQ is disabled. 


Initialization Cycle 


The first machine cycle following termination of RESET is an 
initialization cycle which requires 9 clock pulses. During this 
cycle the CPU remains in S1 and the following additional 
changes occur: 


1 — MIE 


X, P > T (The old value of X, P will be put into T. This 
only has meaning following an orderly Reset with power 
applied). 


X, P, RO < 0 (X, P, and RO are cleared). 


Interrupt and DMA servicing is suppressed during the initial- 
ization cycle. The next cycle is an SO or an S2 but never an 
S1 or S3.The use of a 71 instruction followed by 00 at mem- 
ory locations 0000 and 0001, may be used to reset MIE so 
as to preclude interrupts until ready for them. 


Reset and Initialize Do Not Affect: 


D (Accumulator) 

DF 

R1, R2, R3, R4, R5, R6, R7, R8, R9, FA, RB, RC, RD, RE, RF 
CH (Counter Holding Register) 

Counter (the counter is stopped but the value is unaffected) 


Power-up Reset/Run Circuit 


Power-up Reset/Run can be realized with the circuit shown 
in Figure 11. 


Vpop 
aan THE RC TIME CONSTANT 
SHOULD BE GREATER THAN 
CDP1806AC THE OSCILLATOR START-UP 
TIME (TYPICALLY 20ms) 


FIGURE 11. RESET/RUN DIAGRAM 


Pause 


Pause is a low power mode which stops the internal CPU 
timing generator and freezes the state of the processor. The 
CPU may be held in the Pause mode indefinitely. Hardware 
pause can occur at two points in a machine cycle, on the 
low-to-high transition of either TPA or TPB. A TPB pause can 
also be initiated by software with the execution of an IDLE 
instruction. In the pause mode, the oscillator continues to 
run but subsequent clock transitions are ignored. TPA and 
TPB remain at their previous state (see Figure 12). 


Pause is entered from RUN by dropping WAIT low. Appropri- 
ate Setup and Hold times must be met. 


lf Pause is entered while in the event counter mode, the 
appropriate Flag transition will continue to decrement the 
counter. 


Hardware-initiated pause is exited to RUN by raising the 
Wait line high. Pause entered with an IDLE instruction 
requires DMA, INTERRUPT or RESET to resume execution. 


Run 


May be initiated from the Pause or Reset mode functions. If 
initiated from Pause, the CPU resumes operation at the point 
it left off. If paused at TPA, it will resume on the next high-to- 
low clock transition, while if paused at TPB, it will resume on 
the next low-to-high clock transition (see Figure 12). When 
initiated from the Reset operation, the first machine cycle fol- 
lowing Reset is always the initialization cycle. The initializa- 
tion cycle is then followed by a DMA (S2) cycle or fetch (SO) 
from location 0000 in memory. 


Schmitt Trigger Inputs 


All inputs except BUS 0-BUS 7 and ME contain a Schmitt 
Trigger circuit, which is especially useful on the CLEAR input 
as a power-up RESET (see Figure 11) and the CLOCK input 
(see Figure 8 and Figure 9). 
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State Transitions 


The CDP1805A and CDP1806A state transitions are shown 
in Figure 13. Each machine cycle requires the same period 
of time, 8 clock pulses, except the initialization cycle (INIT) 
which requires 9 clock pulses. Reset is asynchronous and 
can be forced at any time. 


ENTER RESUME 
PAUSE RUN 


Y Y 


i] 
iIPAUSE | 


CLOCK 707 71 \00f 0 


FIGURE 12A. TPA PAUSE TIMING 


ENTER RESUME 


PAUSE RUN 
Y ' 
PAUSE 


CLOCK 50 f 51 \ 60 61\ 707 71 \ 00 7 01 \ 10 
IPAUSE 


| I 
| 
TPB tpLH->! | I 
I 
| 


<«— tPHL 


NOTE: 


9. Pause (in clock waveform) while represented here as one clock 
cycle in duration, could be infinitely long. 
FIGURE 12B. TPB PAUSE TIMING 


FIGURE 12. PAUSE MODE TIMING WAVEFORMS 


(LONG BRANCH, 
LONG SKIP, NOP, RSXD, ETC) 


INT e DMA e FORCE S1 


PRIORITY: RESET 
FORCE SO, S1 


DMA IN 
A OUT 


>|0 
Z| S| 


INT e DMA 


FIGURE 13. STATE TRANSITION DIAGRAM 
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Instruction Set 


The CDP1805AC and CDP1806AC instruction summary is R(W).0: Lower-order byte of R(W) 
given in Table 1. Hexadecimal notation is used to refer to the — ; 
4-bit binary codes. R(W).1: Higher-order byte of R(W) 


In all registers, bits are numbered from the least significant Operation Notation 


bit (LSB) to the most significant bit (MSB) starting with 0. M (R(N)) > D; R(N) + 1 > R(N) 


R(W): Register designated by W, where This notation means: The memory byte pointed to by R(N) is 
W=NorX.orP loaded into D, and R(N) is incremented by 1. 


TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) 


NO. OF 
MACHINE 
INSTRUCTION CYCLES | MNEMONIC | OP CODE OPERATION 


MEMORY REFERENCE 
z 


LOAD IMMEDIATE 
RLDI 68CN 
(Note 10) 


REGISTER LOAD IMMEDIATE 
z 


M(R(P)) — D; R(P) + 1 — R(P) 


M(R(P)) — R(N).1; M(R(P)) + 1 > 
R(N).0; R(P) + 2 > R(P) 


M(R(N)) > D; FOR N NOT 0 
M(R(N)) > D; R(N) + 1 > R(N) 
M(R(X)) > D 

M(R(X)) — D; R(X) + 1 > R(X) 


686N | M(R(X)) > R(N).1; M(R(X) + 1) 3 
(Note 10) | R(N).0; R(X)) + 2 > R(X) 


D > M(RN)) 
73 D > M(R(X)); R(X) - 1 3 R(X) 


RSXD 68AN R(N).0 — M(R(X)); R(N).1 > 
(Note 10) 


M(R)(X) - 1); R(X) - 2 > R (X) 
INC 1N 


LOAD VIAN 

LOAD ADVANCE 

LOAD VIA X 

LOAD VIA X AND ADVANCE 


REGISTER LOAD VIA X AND 
ADVANCE 


STORE VIA N 
STORE VIA X AND DECREMENT 


REGISTER STORE VIA X AND 
DECREMENT 


REGISTER OPERATIONS 
INCREMENT REG N 
DECREMENT REG N 


DECREMENT REG N AND LONG 
BRANCH IF NOT EQUAL 0 


ig 


_ 
oO 
x< 
> 


R(N) + 1 3 R(N) 
R(N) - 1 > R(N) 


R(N) - 1 3 R(N); IF R(N) NOT 0, 
M(R(P)) > R(P).1, M(R(P) + 1) > 
R(P).0, ELSE R(P) + 2 > R(P) 


R(X) + 1 > R(X) 
R(N).0 — D 

D — R(N).0 
R(N).1 > D 

D — R(N).1 
R(N) — R(X) 


INCREMENT REG X 
GET LOW REGN 

PUT LOW REG N . 
GET HIGH REG N 

PUT HIGH REG N 


REGISTER N TO REGISTER X 
COPY . 


LOGIC OPERATIONS (Note 19) 


D 
* 


G) 
7 
O 


PLO AN 


RNX 68BN 
(Note 10) 


F1 


OR IMMEDIATE 2 FQ 
EXCLUSIVE OR F3 


EXCLUSIVE OR IMMEDIATE 2 XRI FB 


M(R(X)) OR D> D 
M(R(P)) OR D > D; R(P) + 1 > R(P) 
M(R(X)) XOR D > D 


M(R(P)) XOR D > D; 
R(P) + 1 > R(P) 


M(R(X)) AND D > D 


x< 
O 
D 
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TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) (Continued) 


INSTRUCTION _— OP CODE OPERATION 


AND IMMEDIATE 
SHIFT RIGHT Shift D Right, LSB(D) > DF, 0 > MSB(D) 

SHRC 76 Shift D Right, LSB(D) > DF, DF > MSB(D) 

(Note 11) 


SHIFT RIGHT WITH CARRY _* | 
RING SHIFT RIGHT RSHR 76 SHIFT D RIGHT, LSB(D) > DF, DF > MSB(D) 
(Note 11) 
ee 


MACHINE 


2 
2 
2 
- 


SHIFT LEFT SHIFT D LEFT, MSB(D) — DF, 0 > LSB(D) 


an 
SHIFT LEFT WITH CARRY 2 SHLC 7E SHIFT D LEFT, MSB(D) — DF, DF > LSB(D) 
(Note 11) 
RING SHIFT LEFT 2 RSHL SHIFT D LEFT, MSB(D) > DF, DF > LSB(D) 
(Note 11) 


ARITHMETIC OPERATIONS (Note 3) 
ADD M(R(X)) + D > DF, D 


DADD 68F4 | M(R(X)) + D > DF, D DECIMAL ADJUST > DF, D 
c 


M(R(P)) + D > DF, D; R(P) + 1 > R(P) 


a 
DADI 68FC M(R(P)) + D — DF, D; R(P) + 1 — R(P) 
DECIMAL ADJUST — DF, D 


| 2 M(R(X)) + D + DF > DF, D 

DADC 6874 | M(R(X))+D+DF—3DF, D 
DECIMAL ADJUST > DF, D 

ADD WITH CARRY, IMMEDIATE ADCI 7C M(R(P)) + D + DF > DF, D; 
R(P) + 1 > R(P) 


> 
O 
oO 
- 


DECIMAL ADD 
ADD IMMEDIATE 
DECIMAL ADD IMMEDIATE 


ADD WITH CARRY 
DECIMAL ADD WITH CARRY 


DECIMAL ADD WITH CARRY, M(R(P)) + D + DF > DF, D; 
IMMEDIATE R(P) + 1 > RP), 
DECIMAL ADJUST = DF, D 


SUBTRACT D 
SUBTRACT D IMMEDIATE 


2 SDI FD M(R(P)) - D > DF, D; 
R(P) + 1 > R(P) 
SUBTRACT D WITH BORROW 


SUBTRACT D WITH BORROW, SDBI 7D M(R(P)) - D - (NOT DF) => DF, D; 
IMMEDIATE R(P) + 1 > R(P) 

SUBTRACT MEMORY 2 | 

DECIMAL SUBTRACT MEMORY | 4 | 


SUBTRACT MEMORY IMMEDIATE a SMI D - M(R(P)) > DF, D; R(P) + 1 > R(P) 


DECIMAL SUBTRACT MEMORY, D - M(R(P)) > DF, D; 
IMMEDIATE R(P) +1 — RP), 
DECIMAL ADJUST = DF, D 


D - M(R(X)) - (NOT DF) — DF, D 
DECIMAL SUBTRACT MEMORY 6877 | D-M(R(X)) - (NOT DF) > DF, D; 
WITH BORROW DECIMAL ADJUST > DF, D 

7F 


SUBTRACT MEMORY WITH D - M(R(P)) - (NOT DF) > DF, D; 
BORROW, IMMEDIATE R(P) + 1 — R(P) 


SUBTRACT MEMORY WITH 
BORROW 
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TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) (Continued) 


NO. OF 
MACHINE 
INSTRUCTION CYCLES | MNEMONIC | OP CODE OPERATION 
DECIMAL SUBTRACT MEMORY DSBI 687F | D-M(R(P))- (NOT DF) > DF, D 
WITH BORROW, IMMEDIATE R(P) + 1 3 R(P) 
DECIMAL ADJUST > DF, D 
BRANCH INSTRUCTIONS - SHORT BRANCH 
SHORT BRANCH a a (RIP) > FIP 
NO SHORT BRANCH (See SKP) 
IF D = 0, M(R(P 
ELSE R(P) + * = ed 
BNZ 3A IF D NOT 0, M(R(P)) > R(P).0 
ELSE R(P) + 1 > R(P) 
IF DF = 1, M(R(P)) > R(P).0 
hee 11) | ELSE R(P) + 1 —> R(P) 
IF DF = 1, ’ (R(P)) > R(P).0 
ee 11) | ELSE R(P) + 1 > R(P) 
IF DF = 1, M(R(P)) > R(P).0, 
me 11) | ELSE R(P) + 1 > R(P) 
3B IF D=0, ie P)) > R(P).0, 
(Note 11) | ELSE R(P) + 1 > R(P) 
3B IF D = 0, M(R(P)) > R(P).0 
(Note 11) | ELSE R(P) + 1 > R(P) 
3B IF D = 0, M(R(P)) > R(P).0, 
(Note 11) | ELSE R(P) + 1 > R(P) 


SHORT BRANCH IF D=0 


2 

© & 
= 
+ 
—_ 
+ 
= 


SHORT BRANCH IF D NOT 0 


SHORT BRANCH IF DF = 1 


SHORT BRANCH IF POS OR ZERO 


SHORT BRANCH IF EQUAL OR 


GREATER 


SHORT BRANCH IF DF = 0 


SHORT BRANCH IF MINUS 


SHORT BRANCH IF LESS 


SHORT BRANCH IF Q = IF Q = 1, M(R(P)) > R(P).0 
ELSE R(P) + 1 > R(P) 
SHORT BRANCH IF Q=0 IF Q = 0, M(R(P)) > R(P).0 
ELSE R(P) + 1 > R(P) 
SHORT BRANCH IF EF1 = 1 IF EF1 = 1, M(R(P)) > R(P).0 
(EFT = Vss) ELSE R(P) + 1 > R(P) 
SHORT BRANCH IF EF1 = 0 IF EF1 = 0, M(R(P)) > R(P).0 
(EFT = Vpp) ELSE R(P) + 1 > R(P) 
SHORT BRANCH IF EF2 = 1 IF EF2 = 1, M(R(P)) > R(P).0 
(EF2 = Vgg) ELSE R(P) + 1 3 R(P) 
SHORT BRANCH IF EF2 = 0 IF EF2 = 0, M(R(P)) > R(P).0 
(EF2 = Vpp) ELSE R(P) + 1 > R(P) 
SHORT BRANCH IF EF3 = 1 IF EF3 = : M(R(P)) > R(P).0 
(EFS = Vg) ELSE R(P) + 1 > R(P) 
SHORT BRANCH IF EF3 = 0 2 IF EF3 = z M(R(P)) > R(P).0 
(EFS = Vop) ELSE R(P) + 1 > R(P) 
SHORT BRANCH IF EF4 = 1 IF EF4 = 1, M(R(P)) > R(P).0 
(EF4 = Vss) ELSE R(P) + 1 > R(P) 
SHORT BRANCH IF EF4 = 0 IF EF4 = 0, M(R(P)) > R(P).0 
(EF4 = Vpp) ELSE R(P) + 1 > R(P) 


SHORT BRANCH ON COUNTER 
INTERRUPT 


SHORT BRANCH ON EXTERNAL 
INTERRUPT 


ié) 


683E | IF Cl=1, M(R(P)) > R(P).0; 0 > Cl 
(Note 12) | ELSE R(P) + 1 > R(P) 
683F | IF XIl=1, M(R(P)) > R(P).0 
ELSE R(P) + 1 > R(P) 


Ww 
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TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) (Continued) 


NO. OF 
MACHINE 
INSTRUCTION CYCLES OP CODE OPERATION 


BRANCH INSTRUCTIONS - LONG BRANCH 


AP) RPI MRE) DATS 


NO LONG BRANCH (See LSKP) 3 NLBR C8 R(P) + 2 > R(P) 
(Note 11) 
LONG BRANCH IF D = 0 IF D = 0, M(R(P)) > R(P).1 
M(R(P) + 1) > R(P).0 
ELSE R(P) + 2 > R(P) 
ps LBNZ IF D NOT 0, M(R(P)) > R(P).1 
he 
a — 


O 
> 


i¢%) 


LONG BRANCH IF D NOT 0 


LONG BRANCH IF DF = 1 IF DF = 1, M(R(P)) > R(P).1 
M(R(P) + 1) > R(P).0 


ELSE R(P) + 2 > R(P) 


IF DF = 0, M(R(P)) > R(P).1 
M(R(P) + 1) 3 R(P).0 
ELSE R(P) + 2 > R(P) 


IF Q = 1, M(R(P)) > R(P).4 
M(R(P) + 1) > R(P).0 
ELSE R(P) + 2 > R(P) 


IF Q=0, M(R(P)) > R(P).1 
M(R(P) + 1) > R(P).0 
ELSE R(P) + 2 > R(P) 


QO 
w 


LONG BRANCH IF DF = 0 


g 


LONG BRANCH IF Q = 1 


M(R(P) + 1) > R(P).0 
ELSE R(P) + 2 > R(P) 


9) 
o 


LONG BRANCH IF Q=0 


SKIP INSTRUCTIONS 
SHORT SKIP (See NBR) 


R(P) + 1 > R(P) 


LSKP 
os 11) 
LONG SKIP IF DF = 1 = LSDF 


LONG SKIP (See NLBR) R(P) + 2 — R(P) 


LONG SKIP IF D=0 IF D=0, R(P) +2 —> R(P 


ELSE CONTINUE 


IF D NOT 0, R(P) + 2 > R(P) 
ELSE CONTINUE 


IF DF = 1, R(P) +2 > R(P) 
ELSE CONTINUE 


IF DF = 0, R(P) + 2 > R(P) 
ELSE CONTINUE 


IF Q=1, R(P) + 2 > R(P) 
ELSE CONTINUE 


IF Q=0, R(P) +2 > R(P) 
ELSE CONTINUE 


IF MIE = 1, R(P) + 2 > R(P) 
ELSE CONTINUE 


STOP ON TPB; WAIT FOR DMA OR INTERRUPT; 
cts 14) | BUS FLOATS 


CONTINUE 


LONG SKIP IF D NOT 0 


LONG SKIP IF DF =0 LSNF 
LSNQ 
CONTROL INSTRUCTIONS 


LSIE 
IDLE 


NooReRATIN | _s | vor 
ee 
ee 


LONG SKIP IF Q= 


LONG SKIP IF Q=0 


LONG SKIP IF MIE = 


SET P 
SET X 
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TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) (Continued) 


INSTRUCTION 
SETQ 
RESET Q 
PUSH X, P TO STACK 


TIMER/COUNTER INSTRUCTIONS 


NO. OF 
MACHINE 


CYCLES 


MARK 


OP CODE 
B 
A 
79 


N 


OPERATION 
1>-Q 
0-Q 


(X, P) > T; (X, P) > M(R(2)), 
THEN P > X; R(2) > 13 R(2) 


LOAD COUNTER 


GET COUNTER 
STOP COUNTER 


DECREMENT TIMER/COUNTER 
SET TIMER MODE AND START 


SET COUNTER MODE 1 AND 
START 


SET COUNTER MODE 2 AND 
START 


SET PULSE WIDTH MODE 1 AND 
START 


SET PULSE WIDTH MODE 2 AND 
START 


3 


3 


LDC 


GEC 
STPC 


DTC 
STM 
SCM1 


SCM2 


SPM1 


SPM2 


6806 
(Note 15) 


6808 
6800 


6801 
6807 
6805 


6803 


6804 


6802 


CNTR STOPPED: D > CH, CNTR; 
0 > Cl. CNTR RUNNING; D > CH 


CNTR —D 


STOP CNTR CLOCK; 
0 + +32 PRESCALER 


CNTR-1— CNTR 
TPA + 32 — CNTR 
EF1 — CNTR CLOCK 


a 


F2 —- CNTR CLOCK 


TPA.EF1 — CNTR CLOCK; 
1 _ STOPS COUNT 


A.EF2 — CNTR CLOCK; 
EF2 .~ STOPS COUNT 


= 
Ui on 


SAVE T, D, DF 


DSAV 


6876 
(Note 10) 


R(X) - 1 > R(X), T > M(R(X)), 
R(X) - 1 + R(X), D> M (R(X)), 
R(X) - 1 > R(X), SHIFT D 


ENABLE TOGGLE Q ETQ Ae 
Note 15) 
INTERRUPT CONTROL 


INPUT-OUTPUT BYTE TRANSFER 


RIGHT WITH CARRY, D > M(R(X)) 


OUTPUT 1 


OUTPUT 2 


OUTPUT 3 


OUTPUT 4 


OUTPUT 5 


OUT 1 


OUT 2 


OUT 3 


OUT 4 


OUT 5 


3 


61 


62 
63 
64 


65 


58 


M(R(X)) > BUS; R(X) + 1 > R(X) 
N LINES = 1 


M(R(X)) > BUS; R(X) + 1 3 R(X) 
N LINES = 2 
) 


M(R(X)) > BUS; R(X) + 1 > R(X) 
N LINES = 3 


M(R(X)) > BUS; R(X) + 1 > R(X) 
N LINES = 4 


M(R(X)) > BUS; R(X) + 1 > R(X) 
N LINES =5 


CDP1805AC, CDP1806AC 


TABLE 1. INSTRUCTION SUMMARY (SEE NOTES) (Continued) 


NO. OF 
MACHINE 


INSTRUCTION 
OUTPUT 6 


CYCLES 


OP CODE OPERATION 


M(R(X)) > BUS; R(X) + 1 R(X) 
N LINES =6 


M(R(X)) > BUS; R(X) + 1 > R(X) 
N LINES = 7 


BUS — M(R(X)); BUS > D 
N LINES = 1 


BUS — M(R(X)); BUS > D 
N LINES = 2 


BUS —> M(R(X)); BUS > D 


67 
INP 4 6C BUS — M(R(X)); BUS > D 
N LINES = 4 


OUT 6 
OUTPUT 7 OUT 7 


INPUT 1 


ine) 


INP 1 


INPUT 2 


INPUT 3 INP 3 


INPUT 4 


INPUT 5 
N LINES =5 


BUS > M(R(X)); BUS > D 
N LINES =6 


_ | BUS — M(R(X)); BUS > D 


INPUT 6 


INPUT 7 INP 7 BUS — M(R(X)); BUS > D 


N LINES = 7 


uPROCESSORS 


CALL AND RETURN 


STANDARD CALL 10 SCAL 688N 
(Note 10) 
STANDARD RETURN SRET 689N 
(Note 10) 
NOTES: 


10. Previous contents of T register are destroyed during instruction execution. 


R(N).0 > M(R(X)); 

R(N).1 — M(R(X) - 1): 

R(X) - 2 3 R(X); R(P) > RIN); 
THEN M(R(N)) > R(P).1; 
M(R(N) + 1) > R(P).0: 

R(N) + 2 > R(N) 


R(N) > R(P); 
M(R(X) + 1) 3 R(N).1: 
M(R(X) + 2) 3 R(N).0; R(X) + 2 > R(X) 


11. This instruction is associated with more than one mnemonic. Each mnemonic is individually listed. 
12. ETQ cleared by LDC with the Counter/Timer stopped, reset of CPU, or BCI ¢ (Cl = 1). 
13. Cl = Counter Interrupt, X! = External Interrupt. 


14. An IDLE instruction initiates an S1 cycle. All external signals, except the oscillator, are stopped on the low-to-high transition of TPB. All 
outputs remain in their previous states, MRD, MWR, are set to a logic ‘1’ and the data bus floats. The processor will continue to IDLE 
until an I/O request (INTERRUPT, DMA-IN, or DMA-OUT) is activated. When the request is acknowledged, the IDLE cycle is terminated 
and the I/O request is serviced, and the normal operation is resumed. (To respond to an INTERRUPT during an IDLE, MIE and either 
CIE or XIE must be enabled). 


15. Long-Branch, Long-Skip and No Op instructions require three cycles to complete (1 fetch + 2 execute). 


Long-Branch instructions are three bytes long. The first byte specifies the condition to be tested; and the second and third byte, the 
branching address. 


The long branch instruction can: 


Branch unconditionally 

Test for D =O orD #0 

Test for DF = 0 or DF = 1 

Test forQ=O0orQ=1 

e. Effect an unconditional no branch 


aoo®p 


If the tested condition is met, then branching takes place; the branching address bytes are loaded in the high-and-low-order bytes of the 
current program counter, respectively. This operation effects a branch to any memory location. 


If the tested condition is not met, the branching address bytes are skipped over, and the next instruction in sequence is fetched and exe- 
cuted. This operation is taken for the case of unconditional no branch (NLBR). 
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The short-branch instructions are two or three bytes long. The first byte specifies the condition to be tested, and the second specifies the 
branching address, except for the branches on interrupt. For those, the first two bytes specify the condition to be tested and the third byte 
specifies the branching address. 


The short branch instruction can: 


Branch unconditionally 

Test for D =O orD #0 

Test for DF = 0 or DF = 1 

Test forQ=0 orQ=1 

Test the status (1 or 0) of the four EF flags 
Effect an unconditional no branch 

g. Test for counter or external interrupts (BCI, BXI) 


If the tested condition is met, then branching takes place; the branching address byte is loaded into the low-order byte position of the 
current program counter. This effects a branch within the current 256-byte page of the memory, i.e., the page which holds the branching 
address. If the tested condition is not met, the branching address byte is skipped over, and the next instruction in sequence is fetched 
and executed. This same action is taken in the case of unconditional no branch (NBR). 


The skip instructions are one byte long. There is one Unconditional Short-Skip (SKP) and eight Long-Skip instructions. 


The Unconditional Short-Skip instruction takes 2 cycles to complete (1 fetch + 1 execute). Its action is to skip over the byte following it. 
Then the next instruction in sequence is fetched and executed. This SKP instruction is identical to the unconditional No-Branch Instruc- 
tion (NBR) except that the skipped-over byte is not considered part of the program. 


The Long-Skip instructions take three cycles to complete (1 fetch + 2 execute). 


~oaoop 


They can: 

a. Skip unconditionally 

b. TestforD=OorD+0 
c. Test for DF =0orDF=1 
d. TestforQ=O0orQ=1 


e. Test for MIE = 1 


If the tested condition is met, then Long Skip takes place; the current program counter is incremented twice. Thus, two bytes are 
skipped over and the next instruction in sequence is fetched and executed. If the tested condition is not met, then no action is taken. 
Execution is continued by fetching the next instruction in sequence. 


Instruction 6800 through 68FF take a minimum of 3 machine cycles and up to a maximum of 10 machine cycles. In all cases, the first two 
cycles are fetches and subsequent cycles are executes. The first byte (68) of these two-byte op codes is used to generate the second 
fetch, the second byte is then interpreted differently than the same code without the 68 prefix. DMA and INT requests are not serviced 
until the end of the last execute cycle. 
Arithmetic Operations: 
The arithmetic and shift operations are the only instructions that can alter the content of DF. The syntax ‘(NOT DF)’ denotes the subtrac- 
tion of the borrow. 
Binary Operations: 

After an ADD instruction 

DF = 1 denotes a carry has occurred. Result is greater than FF 46. 

DF = 0 denotes a carry has not occurred. 

After a SUBTRACT instruction 

DF = 1 denotes no borrow. D is a true positive number. 

DF = 0 denotes a borrow. D is in two's complement form. 
Binary Coded Decimal Operations: 

After a BCD ADD instruction 

DF = 1 denotes a carry has occurred. Result is greater than 9940. 

DF = 0 denotes a carry has not occurred. 

After a BCD SUBTRACT instruction 

DF = 1 denotes no borrow. D is a true positive decimal number. 


Example 99 D 
-88 M(R(X)) 
11 D DF = 1 
DF = 0 denotes a borrow. D is in ten's complement form. 
Example 88 D 
-99 M(R(X)) 
89 D DF =0 


89 is the ten's complement of 11, which is the correct answer (with a minus value denoted by DF = 0). 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES 
DATA MEMORY N 
STATE OPERATION BUS ADDRESS LINES 


$1 RESET 0 Q,1,N, COUNTER, UNDE- 1 1 
PRESCALER,, CIL; FINED 
1-— CIE, XIE 

$1 INITIALIZE, NOT PROGRAMMER AC- | X, P — T THEN 00 UNDE- 1 1 

CESSIBLE 0 > X, P; 1 > MIE, 0000 > RO (Note 20) FINED 
z a a 
IDL STOP AT TPB HIGH Z 1 1 
WAIT FOR DMA OR INT 


io») 
2 


0-F DEC RN -1—RN HIGH Z | RN 
0-F SHORT | TAKEN: MRP > RP.O 
BRANCH _ | NOT TAKEN: RP + 1— RP 


ie) 


w” 


D — MRN 


2 


—_ — —s —_ — — —_ —_ —_ 


NIE NI nN] nN ® 
= —_ — —_ _— 
mn 
n 
+ 
DD 
+ 


w 


—s 


OUT 7 MRX — BUS: RX + 1 > RX MRX 


jo 


—_ 


n 


n 
—_ 


FROM 
1/0 
DEVICE 


DEVICE ¥ 


S INP 5 BUS — MRxX, D DATA RX 
FROM 
1/0 
DEVICE 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


DATA MEMORY 
STATE MNEMONIC OPERATION BUS ADDRESS vine 


la - — 
ttt. - — 


MRX — X, P; RX + 1 > RX 
13 MIE 
MRX > X, P; RX + 1 > RX 
0 > MIE 


LDXA MRX — D; RX + 1 > RX 


STXD D — MRX; RX - 1 > RX 


S1 


a 8) 
x< 


ADC MRX + D + DF > DF, D 


R2 - 1 R2 


c 3, LONG TAKEN: MRP > B; RP + 1 — RP 
8-B BRANCH 
LONG TAKEN: B > RP.1; MRP > M(RP + 1) 
8-B BRANCH | RP.O 
LONG NOT TAKEN RP + 1 RP 
8-B BRANCH 
LONG NOT TAKEN RP + 1 — RP M(RP + 1) 
BRANCH 
Cc 5 LONG TAKEN: RP + 1 —> RP 
SKIP 
LONG TAKEN: RP + 1—> RP M(RP + 1) 
SKIP 


3-62 


= 
D 


R 


D 
<i] X< 


Di Dv 
<i] X< 


$1 
RX 
R 


ine) 


e]|e 
ny 7 


? 
i 
D 
Fd 


Si#1 


#2 RP + 1 


fe) 
ia 
ad 


S1#1 C 


w 


@) 


RP + 1 


RP +1 


—_ —s —_ —_ —_ —_— — — — 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


DATA MEMORY N 
STATE OPERATION BUS ADDRESS LINES 
#2 Cc 7 LONG TAKEN: RP + 1 — RP M(RP + 1) RP + 1 1 
SKIP 
S1#1 LONG NOT TAKEN: NO OPERATION 
SKIP 
S1#1 LONG NOT TAKEN: NO OPERATION 
SKIP 
LONG | NOT TAKEN: NO OPERATION | M(RP + 1) 
SKIP 
S1#1 LONG NOT TAKEN: NO OPERATION | M(RP + 1) 
SKIP 


Ore | 
Mie 6 ORO.RPsTRP| WAP 
ia IIRL Wall 


DMA IN DMA IN DMA IN BUS — MRO; RO + 1 — RO DATA 
FROM I/O 
DEVICE 
DMA OUT DMA DMA OUT | MRO — BUS; RO + 1 > RO 
OUT 
S3 INTER- INTER- | INTERRUPT | X,P—>T;0—MIE HIGH Z 
RUPT RUPT 1+ P;2>X 
THE FOLLOWING ARE ALL LINKED INSTRUCTIONS “68” PRECEEDS ALL OP CODES, SO THERE IS A DUPLICATE FETCH 
S1 STPC STOP COUNTER CLOCK; HIGH Z 
0 + +32 PRESCALER 


RP +1 


RP +1 


S1#1 Cc 


RP + 1 


+e 


: 


S) 0-F 


—_ 


—_— hk —_ —_ — — —_ —_ a's —_ _ —_ —_ _—/ — 


S) 0-F 


S RX 


NIT n; oO] ON 
Di Di v 
x] KI X< 


” 
D 
x< 


RX 


OLTnin 


Bs) 
~< 


x< 


ON], oO] O| W 


+ 
EE 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


DATA | MEMORY N 
STATE OPERATION BUS | ADDRESS LINES 
SCM1 CNTR - 1 ONEF10T0 1 HIGH Z dE 
CNTR STOPPED: D > CH, 
CNTR: 0 > Cl 
CNTR RUNNING: D > CH 
CNTR - 1 ON TPA +32 HIGH Z 


<a IF CNTR THRU 0:0 >Q HIGH Z 


” 
au 


S) 


—_ 


$1 
S) 
S 


—_ F oA 


a ec 


DBNZ TAKEN: B > RP.1, MRP > M(RP + 1) RP + 1 
RP.O 
NOT TAKEN: RP + 1 — RP 
TAKEN: MRP = RP.0O; 
0->Cl 
NOT TAKEN: RP + 1 — RP 
TAKEN: MRP —> RP.O 
NOT TAKEN: RP + 1 > RP 


S) 


—_ 


S1 
S 


+ 


S1#1 Z 


ane 


te 
Nh 


> Ww ads paar G as sare 


+ 
W 


1?) 


S1#1 


RLXA MRX > B, RX + 1 > RX 
RLXA B— T; MRX > B; RX + 1 — RX | M(RX + 1) 


t+ 
ine) 


RX + 1 


RLXA B, T > RN.O, RN.1 HIGH Z bel 
DADC DECIMAL ADJUST > DF, D HIGH Z =e 


S1#1 


te 
ine) 


S1#1 


DSAV RX - 1 + RX HIGH Z 
DSAV T — MRX; RX - 1 > RX 


DSAV D — MRX; RX - 1 > RX 
SHIFT D RIGHT WITH CARRY 


ne) 


+ 
Ww 
_ 


+ 


RX - 2 
DSMB D - MRX - (NOT DF) > DF, D me 
DSMB DECIMAL ADJUST = DF, D HIGH Z ; Re 


S1#1 


te 
ine) 


S1#1 DACI MRP + D + DF > DF, D; 
RP + 1— RP 
DACI DECIMAL ADJUST - DF, D HIGH Z RP +1 


DSBI D - MRP - (NOT DF) > DF, D; 
RP + 1— RP 
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TABLE 2. CONDITIONS ON DATA BUS AND MEMORY ADDRESS LINES DURING ALL MACHINE STATES (Continued) 


some] 1 |» | mvenone | overamon | ‘Sus [anones | |e | umes 
STATE OPERATION BUS ADDRESS LINES 
T= [7 _[ + | oem [oromasnsrore [wets to] 
rm [e [oF [son [amore pee] aw [fs] 
re [= [oF [sen [rowmeme tora 


ciES 
ede ae si5R 
ae a 
Pe [eer [sea arominene wane [ee 
Fe a CC 
ae a CD 
OC 
rN a 
Pe fe [or [ser ecm if were [mf 
Fs OC) 
Pee [or [ser festa [mms ace [oe fa fe 
re [eer [rer aromiorns none [rw fo 
ran [ a | er [ro [rnarwsone wore | [sf o 
Fe 
re [a [ or [nao fesnmemeioax fas [act pe Pe] 
Pom [ efor | mmx [wamione paw > aw fafa pe 
Pe [8 [or [mm feroreirxe [wore [me [ps fe 
EN A a 
ef e [ oe [mo feotiwesamesiom[mereo[ re po fe 
a a a ee ee 
RP +1—RP 
0 a 
re |_| + | vaso [oecwataowersono | wenz | re [a [7] 
SN CL 
Pe | [7 | pew [occnarsonsrsone [ez [rr fs [7 | 
a ee ee ee ee 
RP +1— RP 
Pee [6 [om foc aowarsone [were [re pa fe 
a a a 
RP +1— RP 
= [fe [te foccnarsonsrsone [wee [ar fs fa fo 


NOTE: 
20. Data bus floats for first 2-1/2 clocks of the nine clock initialization cycle; all zeros for remainder of cycle. 
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INSTRUCTION SUMMARY 


INC 


so 


T 


a | ST | a [RS 


GHI 


° 
Ps 


D 

x< 
” 
Be) 


PLO 


LBDF | NOP | LSNQ LSNZ | LSNF | LSKP | LBNQ] LBNZ | LBNF | LSIE LSDF 


- 

w 
& 

r- 


Wh 
m 
= 


O 
< 


EN 


‘68’ LINKED OPCODES (DOUBLE FETCH) 


sec] o76 [sev] sous] semi [sews] wo [sm [oro [ero] xe | wo [oe T oo] 


DBNZ 


ie ee ee eee ee ee a ae ee 


RLXA 


ee ea ee EE Ee 


SCAL 


SRET 
RSXD 


D 
Zz: 
x< 


RLDI 


ERR EA SARS RAL RARER eee 


+'68’ is used as a linking OPCODE for the double fetch instructions. 
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Operating and Handling Considerations 


Handling 


All inputs and outputs of Harris CMOS devices have a net- 
work for electrostatic protection during handling. 


Operating 


Operating Voltage 


During operation near the maximum supply voltage limit, 
care should be taken to avoid or suppress power supply 
turn-on and turn-off transients, power supply ripple, or 
ground noise; any of these conditions must not cause Vpp - 
Vsg to exceed the absolute maximum rating. 


Input Signals 


To prevent damage to the input protection circuit, input sig- 
nals should never be greater than Vpp nor less than Vss. 
Input currents must not exceed 10mA even when the power 
supply is off. 


Unused Inputs 


A connection must be provided at every input terminal. All 
unused input terminals must be connected to either Vpp or 
Vss, whichever is appropriate. 


Output Short Circuits 


Shorting of outputs to Vpp or Vsgs may damage CMOS 
devices by exceeding the maximum device dissipation. 
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800286 


High Performance Microprocessor 


with Memory Management and Protection 


Features 
¢ Compatible with NMOS 80286 


e Wide Range of Clock Rates 
- DC to 25MHz (80C286-25) 
- DC to 20MHz (80C286-20) 
- DC to 16MHz (80C286-16) 
- DC to 12.5MHz (80C286-12) 
- DC to 10MHz (80C286-10) 


Static CMOS Design for Low Power Operation 

- ICCSB = 5mA Maximum 

- ICCOP = 185mA Maximum (80C286-10) 
220mA Maximum (80C286-12) 
260mA Maximum (80C286-16) 
310mA Maximum (80C286-20) 
410mA Maximum (80C286-25) 


e High Performance Processor (Up to 19 Times the 8086 
Throughput) 


Large Address Space 
¢ 16 Megabytes Physical/1 Gigabyte Virtual per Task 


Integrated Memory Management, Four-Level Memory 
Protection and Support for Virtual Memory and Operat- 
ing Systems 


Two 80C86 Upward Compatible Operating Modes 
- 80C286 Real Address Mode 
- PVAM 


Compatible with 80287 Numeric Data Co-Processor 
High Bandwidth Bus Interface (25 Megabyte/Sec) 


Available In 
- 68 Pin PGA (Commercial, Industrial, and Military) 
- 68 Pin PLCC (Commercial and Industrial) 


Description 


The Harris 80C286 is a static CMOS version of the NMOS 
80286 microprocessor. The 80C286 is an advanced, high- 
performance microprocessor with specially optimized capa- 
bilities for multiple user and multi-tasking systems. The 
80C286 has built-in memory protection that supports operat- 
ing system and task isolation as well as program and data 
privacy within tasks. A 25MHz 80C286 provides up to nine- 
teen times the throughput of a standard 5MHz 8086. The 
80C286 includes memory management capabilities that 
map 230 (one gigabyte) of virtual address space per task 
into 224 bytes (16 megabytes) of physical memory. 


The 80C286 is upwardly compatible with 80C86 and 80C88 
software (the 80C286 instruction set is a superset of the 
80C86/80C88 instruction set). Using the 80C286 real 
address mode, the 80C286 is object code compatible with 
existing 80C86 and 80C88 software. In protected virtual 
address mode, the 80C286 is source code compatible with 
80C86 and 80C88 software but may require upgrading to 
use virtual address as supported by the 80C286’s integrated 
memory management and protection mechanism. Both 
modes operate at full 80C286 performance and execute a 
superset of the 80C86 and 80C88 instructions. 


The 80C286 provides special operations to support the effi- 
cient implementation and execution of operating systems. 
For example, one instruction can end execution of one task, 
save its state, switch to a new task, load its state, and start 
execution of the new task. The 80C286 also supports virtual 
memory systems by providing a segment-not-present excep- 
tion and restartable instructions. 


Ordering Information 


PGA 


|PACKAGE| TEMP.RANGE {|  10MHz | 12.5MHz | 16MHz |  20MHz =| = 25MHz_—| PKG. NO. 
0°C to +70°C fF CG80C286-12 |CG80C286-16 |CG80C286-20 ae G68.B 


-55°C to +125°C | 5962- 5962- G68.B 
9067801MXC | 9067802MXC 


PLCC 0°C to +70°C Lo CS80C286-12 |CS80C286-16 |CS80C286-20 |CS80C286-25 |N68.95 
-40°C to +85°C +|1S80C286-10 |1S80C286-12 |1IS80C286-16 |1S80C286-20 fl N68.95 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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Pinouts 


68 LEAD PGA 
Component Pad View - As viewed from underside of the component when mounted on the board. 
a 
> 


So N o vz 
ba - - r 
a Qa a (=) 


_ 
= 
=) 


Co] oo] 
Q Qa 


&) @ OS 
» »|1@@@OO ©OO@ : 
A2 At G2) G3) BUSY 
Voc CLK ‘) NC 
A3 RESET NC 
AS A4 @) Vss 
AT AG @s) Vee 
AQ AB @2) () HOLD 
Ail A10 1) COD/INTA 
A13 A12 LOCK 

OoO® 


PIN 1 INDICATOR 
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uPROCESSORS 


68 LEAD PGA 
P.C. Board View - As viewed from the component side of the P.C. board. 


w wz o N - o ” 
bad b and ba band baal bay i] ” 
a Qa a [=] Qa (2) & a > 
ic 
co 
ic Lined © w o N - 

Qa Qa a ao a Q 


®©®© 
©© 


®©®© 


8 
®) 
NC ERROR @) Do AO 
BUSY 63) G2) Al A2 
NC @) CLK Voc 
NC RESET A3 
Ves 2) A4 AS 
Vee @s) AG AT 
HOLD () @2) As Ag 
COD/INTA @) A10 Alt 
LOCK AI2A13 
@ 


PIN 1 INDICATOR 


o o wo f& 
B22 338 2 =F 
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Pinouts (Continued) 


68 LEAD PLCC 
P.C. Board View - As viewed from the component side of the P.C. board. 


D1i5 
D7 
D14 
D6 
D13 
D5 
D12 
D4 
Di1 
D3 
D10 
D2 
D9 
D1 
D8 
DO 


Vss 


1 
2 
3 
4 
5 
6 
7 
8 


Functional Diagram 


ee ee 
I 


ADDRESS UNIT (AU) ADDRESS 


A23 - Ao; 
LATCHES AND DRIVERS ce BHE, M/iO 
PROCESSOR PEACK 
EXTENSION 
P 
INTERFACE ei 


OFFSET 
ADDER 


I 
I 
I 
I 
1 
1 
J 
j 
4 
i 
i 
} 
L = 
Fr 
I 
I 
I 
! 
I 
i 
4 
I 
j 
b 


3 DECODED IinstRUCTION| INSTRUCTION ! CLK 
INSTRUCTIONT DECODER UNIT (IU)! 
QUEUE Vss 


EXECUTION UNIT (EU) 


Vec 


INTR ERROR 
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Pin Descriptions The following pin function descriptions are for the 80C286 microprocessor. 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


SYSTEM CLOCK: provides the fundamental timing for the 80C286 system. It is divided by two inside 
the 80C286 to generate the processor clock. The internal divide-by-two circuitry can be synchro- 
nized to an external clock generator by a LOW to HIGH transition on the RESET input. 


DATA BUS: inputs data during memory, I/O, and interrupt acknowledge read cycles; outputs data 
during memory and I/O write cycles. The data bus is active HIGH and is held at high impedance to 
the last valid logic level during bus hold acknowledge. 


ADDRESS BUS: outputs physical memory and I/O port addresses. Ag3 - Ayg are LOW during I/O 
transfers. Ag is LOW when data is to be transferred on pins D7 - Do (see table below). The address 
bus is active High and floats to three-state off during bus hold acknowledge. 


BUS HIGH ENABLE: indicates transfer of data on the upper byte of the data bus, D415 - Dg. Eight-bit 
oriented devices assigned to the upper byte of the data bus would normally use BHE to condition chip 
select functions. BHE is active LOW and floats to three-state OFF during bus hold acknowledge. 


BHE AND Ap ENCODINGS 


SO 
I GS 
Le 


BUS CYCLE STATUS: indicates initiation of a bus cycle and along with M/IO and COD/INTA, de- 
fines the type of bus cycle. The bus is in a Tg state whenever one or both are LOW. S71 and SO are 
active LOW and are held at a high impedance logic one during bus hold acknowledge. 


80C286 BUS CYCLE STATUS DEFINITION 


[eoomnTAT wo [St [SO | -BUSCYCLEINTIATED 
Taco [eo [oo finereptacreweass 
a 
a 
pO None; not a status cycle 

pO | | 0 | If Ay = 1 then halt; else shutdown 

Co 
a 
a 


it ae 
i 
1/O read 
Zs 1/O write 
i 
i 
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Pin Descr. iptions The following pin function descriptions are for the 80C286 microprocessor. (Continued) 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


M/IO MEMORY I/O SELECT: distinguishes memory access from I/O access. If HIGH during Ts, a mem- 
ory cycle or a halt/shutdown cycle is in progress. If LOW, an I/O cycle or an interrupt acknowledge 
_ tr 


cycle is in progress. M/IO is held at high impedance to the last valid logic state during bus hold ac- 
knowledge. 


CODE/INTERRUPT ACKNOWLEDGE: distinguishes instruction fetch cycles from memory data 
read cycles. Also distinguishes interrupt acknowledge cycles from |/O cycles. COD/INTA is held at 
high impedance to the last valid logic state during bus hold acknowledge. Its timing is the same as 
M/IO. 


BUS LOCK: indicates that other system bus masters are not to gain control of the system bus for 
the current and following bus cycles. The LOCK signal may be activated explicitly by the “LOCK” 
instruction prefix or automatically by 80C286 hardware during memory XCHG instructions, interrupt 
acknowledge, or descriptor table access. LOCK is active LOW and is held at a high impedance logic 
one during bus hold acknowledge. 


BUS READY: terminates a bus cycle. Bus cycles are extended without limit until terminated by 
READY LOW. READY is an active LOW synchronous input requiring setup and hold times relative 
to the system clock be met for correct operation. READY is ignored during bus hold acknowledge. 
(See Note 1) 


BUS HOLD REQUEST AND HOLD ACKNOWLEDGE: control ownership of the 80C286 local bus. 
The HOLD input allows another local bus master to request control of the local bus. When control is 
granted, the 80C286 will float its bus drivers and then activate HLDA, thus entering the bus hold ac- 
knowledge condition. The local bus will remain granted to the requesting master until HOLD be- 

comes inactive which results in the 80C286 deactivating HLDA and regaining control of the local 

bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the sys- 
tem clock. These signals are active HIGH. Note that HLDA never floats. 


INTERRUPT REQUEST: requires the 80C286 to suspend its current program execution and service 
a pending external request. Interrupt requests are masked whenever the interrupt enable bit in the 
flag word is cleared. When the 80C286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the source of the interrupt. 
To ensure program interruption, INTR must remain active until an interrupt acknowledge bus cycle 
is initiated. INTR is sampled at the beginning of each processor cycle and must be active HIGH at 
least two processor cycles before the current instruction ends in order to interrupt before the next 
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock. 


NON-MASKABLE INTERRUPT REQUEST: interrupts the 80C286 with an internally supplied vector 
value of two. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80C286 
flag word does not affect this input. The NMI input is active HIGH, may be asynchronous to the sys- 
tem clock, and is edge triggered after internal synchronization. For proper recognition, the input must 
have been previously LOW for at least four system clock cycles and remain HIGH for at least four 

system clock cycles. 


PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE: extend the memory 
management and protection capabilities of the 80C286 to processor extensions. The PEREQ input 
requests the 80C286 to perform a data operand transfer for a processor extension. The PEACK out- 
put signals the processor extension when the requested operand is being transferred. PEREQ is ac- 
tive HIGH. PEACK is active LOW and is held at a high impedance logic one during bus hold 

acknowledge. PEREQ may be asynchronous to the system clock. 


PROCESSOR EXTENSION BUSY AND ERROR: indicates the operating condition of a processor 
extension to the 80C286. An active BUSY input stops 80C286 program execution on WAIT and 

some ESC instructions until BUSY becomes inactive (HIGH). The 80C286 may be interrupted while 
waiting for BUSY to become inactive. An active ERROR input causes the 80C286 to perform a pro- 
cessor extension interrupt when executing WAIT or some ESC instructions. These inputs are active 
LOW and may be asynchronous to the system clock. 
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Pin Descr, iptions The following pin function descriptions are for the 80C286 microprocessor. (Continued) 


NOTES: 


PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


RESET SYSTEM RESET: clears the internal logic of the 80C286 and is active HIGH. The 80C286 may be 
reinitialize at any time with a LOW to HIGH transition on RESET which remains active for more than 
16 system clock cycles. During RESET active, the output pins of the 80C286 enter the state shown 
below. 

1 (HIGH) $0, $1, P 

0 (LOW) af INTA, HLDA (Note 2) 
Operation of the 80C286 begins after a HIGH to LOW transition on RESET. The HIGH to LOW 
transition of RESET must be synchronous to the system clock. Approximately 50 system clock 
cycles are required by the 80C286 for internal initializations before the first bus cycle to fetch code 
from the power-on execution address is performed. A LOW to HIGH transition of RESET 
synchronous to the system clock will end a processor cycle at the second HIGH to LOW transition 
of the system clock. The LOW to HIGH transition of RESET may be asynchronous to the system 


80C286 PIN STATE DURING RESET 


clock; however, in this case it cannot be predetermined which phase of the processor clock will occur 
during the next system clock period. Synchronous LOW to HIGH transitions of RESET are required 
only for systems where the processor clock must be phase synchronous to another clock. 


9, 35, 60 LF SYSTEM GROUND: are the ground pins (all must be connected to system ground). 
30, 62 a SYSTEM POWER: +5V power supply pins. A 0.1p.F capacitor between pins 60 and 62 is recommended. 


K, Agg - Ag, BHE 


1. READY is an open-collector signal and should be pulled inactive with an appropriate resistor (620Q at 10MHz and 12.5MHz, 470Q at 


16MHz, 390Q at 20MHz, 2702 at 25MHz). 
2. HLDA is only Low if HOLD is inactive (Low). 


3. All unused inputs should be pulled to their inactive state with pull up/down resistors. 


Functional Description 


Introduction 


The Harris 80C286 microprocessor is a static CMOS version 
of the NMOS 80286 microprocessor. The 80C286 is an 
advanced, high-performance microprocessor with specially 
optimized capabilities for multiple user and multi-tasking sys- 
tems. Depending on the application, the 80C286's perfor- 
mance is up to nineteen times faster than the standard 
5MHz 8086's, while providing complete upward software 
compatibility with Harris 80C86 and 80C88 CPU family. 


The 80C286 operates in two modes: 80C286 real address 
mode and protected virtual address mode. Both modes exe- 
cute a superset of the 80C86 and 80C88 instruction set. 


In 80C286 real address mode programs use real addresses 
with up to one megabyte of address space. Programs use vir- 
tual addresses in protected virtual address mode, also called 
protected mode. In protected mode, the 80C286 CPU automat- 
ically maps 1 gigabyte of virtual addresses per task into a 16 
megabyte real address space. This mode also provides mem- 
ory protection to isolate the operating system and ensure pri- 
vacy of each tasks' programs and data. Both modes provide 
the same base instruction set, registers and addressing modes. 


The Functional Description describes the following: Static oper- 
ation, the base 80C286 architecture common to both modes, 
80C286 real address mode, and finally, protected mode. 


Static Operation 


The 80C286 is comprised of completely static circuitry. 
Internal registers, counters, and latches are static and 
require no refresh as with dynamic circuit design. This elim- 
inates the minimum operating frequency restriction typically 
placed on microprocessors. The CMOS 80C286 can oper- 
ate from DC to the specified upper frequency limit. The 
clock to the processor may be stopped at any point (either 
phase one or phase two of the processor clock cycle) and 
held there indefinitely. There is, however, a significant 
decrease in power requirement if the clock is stopped in 
phase two of the processor clock cycle. Details on the clock 
relationships will be discussed in the Bus Operation sec- 
tion. The ability to stop the clock to the processor is espe- 
cially useful for system debug or power critical applications. 
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The 80C286 can be single-stepped using only the CPU 
clock. This state can be maintained as long as necessary. 
Single step clock information allows simple interface circuitry 
to provide critical information for system debug. 


Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can provide 
low power operation since 80C286 power dissipation is 
directly related to operating frequency. As the system fre- 
quency is reduced, so is the operating power until, ultimately, 
with the clock stopped in phase two of the processor clock 
cycle, the 80C286 power requirement is the standby current 
(5mA maximum). 


80C286 Base Architecture 


The 80C86, 80C88, and 80C286 CPU family all contain the 
same basic set of registers, instructions, and addressing 
modes. The 80C286 processor is upwardly compatible with 
the 80C86 and 80C88 CPU's. 


Register Set 


The 80C286 base architecture has fifteen registers as 
shown in Figure 1. These registers are grouped into the fol- 
lowing four categories. 


GENERAL REGISTERS: Eight 16-bit general purpose regis- 
ters used to contain arithmetic and logical operands. Four of 
these (AX, BX, CX and DX) can be used either in their 
entirety as 16-bit words or split into pairs of separate 8-bit 
registers. 


SEGMENT REGISTERS: Four 16-bit special purpose regis- 
ters select, at any given time, the segments of memory that 
are immediately addressable for code, stack and data. (For 
usage, refer to Memory Organization.) 


BASE AND INDEX REGISTERS: Four of the general pur- 
pose registers may also be used to determine offset 
addresses of operands in memory. These registers may con- 
tain base addresses or indexes to particular locations within 
a segment. The addressing mode determines the specific 
registers used for operand address calculations. 


STATUS AND CONTROL REGISTERS: Three 16-bit special 
purpose registers record or control certain aspects of the 
80C286 processor state. These include the Flags register 
and Machine Status Word register shown in Figure 2, and 
the Instruction Pointer, which contains the offset address of 
the next sequential instruction to be executed. 


16-BIT SPECIAL 
REGISTER REGISTER 
NAME FUNCTIONS 
BYTE MULTIPLY/DIVIDE 
ADDRESSABLE 1/0 INSTRUCTIONS 
8-BIT 
REGISTER L — 
NAMES oo /REPEAT 
SHOWN) 
BASE REGISTERS 
INDEX REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 
15 0 
CODE SEGMENT 
Cc SELECTOR 
- DATA SEGMENT 
SELECTOR 
= STACK SEGMENT 
SELECTOR 
- EXTRA SEGMENT 
SELECTOR 
SEGMENT 
REGISTERS 
15 0 
F FLAGS 
- INSTRUCTION 
POINTER 
MACHINE 
MSW STATUS WORD 
STATUS AND CONTROL 
REGISTERS 


FIGURE 1. REGISTER SET 


Flags Word Description 


The Flags word (Flags) records specific characteristics of 
the result of logical and arithmetic instructions (bits 0, 2, 4, 6, 
7 and 11) and controls the operation of the 80C286 within a 
given operating mode (bits 8 and 9). Flags is a 16-bit regis- 
ter. The function of the flag bits is given in Table 1. 
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STATUS FLAGS: 
CARRY 

PARITY 

AUXILIARY CARRY 
ZERO 


SIGN 
OVERFLOW 


13 


Reged \\\ Ma Mc ca WEES EE 


CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 
SPECIAL FIELDS: 

VO PRIVILEGE LEVEL 
NESTED TASK FLAG 


RESERVED TASK SWITCH | 


PROCESSOR EXTENSION EMULATED 
MONITOR PROCESSOR EXTENSION 


PROTECTION ENABLE 


MSW: 
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FIGURE 2. STATUS AND CONTROL REGISTER BIT FUNCTIONS 


TABLE 1. FLAGS WORD BIT FUNCTIONS 


BIT POSITION | NAME FUNCTION 
re a Carry Flag - Set on high-order bit carry or borrow; cleared otherwise. 


Parity Flag - Set if low-order 8 bits of result contain an even number of 1 bits; cleared otherwise. 
Set on carry from or borrow to the low order four bits of AL; cleared otherwise. 
Zero Flag - Set if result is zero; cleared otherwise. 


Sign Flag - Set equal to high-order bit of result (0 if positive, 1 if negative). 


Single Step Flag - Once set, a single step interrupt occurs after the next instruction executes. TF is 
cleared by the single step interrupt. 

Interrupt-Enable Flag - When set, maskable interrupts will cause the CPU to transfer control to an inter- 
rupt vector specified location. 


Direction Flag - Causes string instructions to auto decrement the appropriate index registers when set. 
Clearing DF causes auto increment. 


Le 
ae ee 
11 OF Overflow Flag - Set if result is a too-large positive number or a too-small negative number (excluding 
sign-bit) to fit in destination operand; cleared otherwise. 
Seis 
aie 
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Instruction Set 


The instruction set is divided into seven categories: data 
transfer, arithmetic, string manipulation, shift/rotate/logical, 
high level, processor control and control transfer instructions. 
These categories are summarized in Table 2. 


An 80C286 instruction can reference zero, one, or two oper- 
ands; where an operand may reside in a register, in the 
instruction itself, or in memory. Zero-operand instructions 
(e.g. NOP and HLT) are usually one byte long. One-operand 
instructions (e.g. INC and DEC) are usually two bytes long 
but some are encoded in only one byte. One-operand 
instructions may reference a register or memory location. 
Two-operand instructions permit the following six types of 
instruction operations: 


¢ Register to Register 
¢ Memory to Register 
¢ Immediate to Register 


¢ Memory to Memory 
e Register to Memory 
¢ Immediate to Memory 


Two-operand instructions (e.g. MOV and ADD) are usually 
three to six bytes long. Memory to memory operations are 
provided by a special class of string instructions requiring 
one to three bytes. For detailed instruction formats and 
encodings refer to the instruction set summary at the end of 
this document. 


TABLE 2A. DATA TRANSFER INSTRUCTIONS 


PUSHA 
POPA 


TABLE 2B. ARITHMETIC INSTRUCTIONS 


Decimal adjust for addition 


Decimal adjust for subtraction 
aa 


DIV Divide byte or word unsigned 
IDIV Integer divide byte or word 
AA ASCII adjust for division 


D 
CBW Convert byte to word 
CWD Convert word to doubleword 


ADD 
ADC 
INC 
AAA 
DAA 


SUBTRACTION 


S 
S 
D 
C 
A 


UB 
BB 
EC 
MP 
AS 
DAS 


TABLE 2C. STRING INSTRUCTIONS 


OUTS 
CMPS 
SCAS 
LODS 
STOS 


REPE/REPZ 
REPNE/REPNZ 
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TABLE 2D. SHIFT/ROTATE LOGICAL INSTRUCTIONS TABLE 2F. PROCESSOR CONTROL INSTRUCTIONS 


LOGICALS FLAG OPERATIONS 
“Inclusive or” byte or word Complement carry flag 
“Exclusive or” byte or word Set direction flag 
CLI 


a 
Lock bus during next instruction 
a 


ENTER Format stack for procedure entry SMSW Store machine status word 


LEAVE Restore stack for procedure exit 
BOUND Detects values outside prescribed range 


TABLE 2G. PROGRAM TRANSFER INSTRUCTIONS 


JAE/JNB Return from procedure 
6 ITERATION CONTROLS 
JLE/JING JCXZ Jump if register CX = 0 


C Jump if not carry 
JNE/JNZ Jump if not equal/not zero INTERRUPTS 


JNO Jump if not overflow INT Interrupt 
JNP/JPO Jump if not parity/parity odd 


C. 

S 

3 
5) 


—_ 


= 
za 


c. 
Fi 


S) Jump if not sign INTO Interrupt if overflow 
O Jump if overflow IRET 
JP/JPE Jump if parity/parity even 


Interrupt return 


—_ 


S Jump if sign 
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Memory Organization 


Memory is organized as sets of variable-length segments. Each 
segment is a linear contiguous sequence of up to 64K (216) 8- 
bit bytes. Memory is addressed using a two-component 
address (a pointer) that consists of a 16-bit segment selector 
and a 16-bit offset. The segment selector indicates the desired 
segment in memory. The offset component indicates the 
desired byte address within the segment. (See Figure 3). 


All instructions that address operands in memory must spec- 
ify the segment and the offset. For speed and compact 
instruction encoding, segment selectors are usually stored in 
the high speed segment registers. An instruction need spec- 
ify only the desired segment register and offset in order to 
address a memory operand. 


~ ~ 
POINTER 
ne me cre cece 
31 16 15 0 ae 
SELECTED 
SEGMENT 


OPERAND 
SELECTED 


“~ MEMORY ~ 


FIGURE 3. TWO COMPONENT ADDRESS 


Most instructions need not explicitly specify which segment 
register is used. The correct segment register is automati- 
cally chosen according to the rules of Table 3. These rules 
follow the way programs are written (see Figure 4) as inde- 
pendent modules that require areas for code and data, a 
stack, and access to external data areas. 


Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overridden for 
special cases. The stack, data and extra segments may 
coincide for simple programs. To access operands not resid- 
ing in one of the four immediately available segments, a full 
32-bit pointer or a new segment selector must be loaded. 


TABLE 3. SEGMENT REGISTER SELECTION RULES 


MEMORY SEGMENT 
REFERENCE | REGISTER IMPLICIT SEGMENT 
NEEDED USED SELECTION RULE 


Code (CS) | Automatic with instruction prefetch 


Stack (SS) | All stack pushes and pops. Any 
memory reference which uses BP 
as a base register. 


Local Data Data (DS) | All data references except when 
relative to stack or string destination 

External Extra (ES) | Alternate data segment and 

(Global) Data destination of string operation 


Addressing Modes 


The 80C286 provides a total of eight addressing modes for 
instructions to specify operands. Two addressing modes are 
provided for instructions that operate on register or immedi- 
ate operands: 


REGISTER OPERAND MODE: The operand is located in 
one of the 8 or 16-bit general registers. 


IMMEDIATE OPERAND MODE: The operand is included in 
the instruction. 


Six modes are provided to specify the location of an operand in 
a memory segment. A memory operand address consists of 
two 16-bit components: segment selector and offset. The seg- 
ment selector is supplied by a segment register either implicitly 
chosen by the addressing mode or explicitly chosen by a seg- 
ment override prefix. The offset is calculated by summing any 
combination of the following three address elements: 


the displacement (an 8 or 16-bit immediate value contained 
in the instruction) 


the base (contents of either the BX or BP base registers) 


the index (contents of either the SI or DI index registers) 


a I ce cl | 
I i 
wopure a |_£O%E_| 
DATA 
i 
I 


MODULE B 


PROCESS 
STACK 


PROCESS 
DATA 
BLOCK 1 


PROCESS 
DATA 
BLOCK 2 


Cw = = J 


MEMORY 


FIGURE 4. SEGMENTED MEMORY HELPS STRUCTURE 
SOFTWARE 


Any carry out from the 16-bit addition is ignored. Ejight-bit 
displacements are sign extended to 16-bit values. 
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Combinations of these three address elements define the six 
memory addressing modes, described below. 


DIRECT MODE: The operand's offset is contained in the 
instruction as an 8 or 16-bit displacement element. 


REGISTER INDIRECT MODE: The operand's offset is in 
one of the registers SI, DI, BX or BP. 


BASED MODE: The operand's offset is the sum of an 8 or 
16-bit displacement and the contents of a base register (BX 
or BP). 


INDEXED MODE: The operand's offset is the sum of an 8 or 16- 
bit displacement and the contents of an index register (SI or Dl). 


BASED INDEXED MODE: The operand's offset is the sum 
of the contents of a base register and an index register. 


BASED INDEXED MODE WITH DISPLACEMENT: The 
operand's offset is the sum of a base register's contents, an 
index register's contents, and an 8 or 16-bit displacement. 


Data Types 
The 80C286 directly supports the following data types: 


A signed binary numeric value contained in an 8- 
bit byte or a 16-bit word. All operations assume a 
2's complement representation. Signed 32 and 
64-bit integers are supported using the 80287 
Numeric Data Processor. 


Integer: 


Ordinal: An unsigned binary numeric value contained in an 
8-bit byte or 16-bit word. 

Pointer: A 32-bit quantity, composed of a segment selector 
component and an offset component. Each com- 
ponent is a 16-bit word. 

String: A contiguous sequence of bytes or words. A string 
may contain from 1 byte to 64K bytes. 

ASCII: A byte representation of alphanumeric and control 
characters using the ASCII standard of character 
representation. 

BCD: A byte (unpacked) representation of the decimal 
digits 0-9. 

Packed A byte (packed) representation of two decimal 

BCD: digits 0-9 storing one digit in each nibble of the 
byte. 

Floating A signed 32, 64 or 80-bit real number representa- 

Point: tion. (Floating point operands are supported using 


the 80287 Numeric Processor extension). 


Figure 5 graphically represents the data types supported by 
the 80C286. 


SIGNED 
BYTE 


SIGN BIT 
MAGNITUDE 


7 0 


UNSIGNED 
BYTE 


|LMSB 
MAGNITUDE 
1514%1 g 7 9% g 


SIGNED 
WORD 


SIGN BIT +) L MSB l 
MAGNITUDE 
SIGN BIT a L MSB l 


MAGNITUDE 


+7 +6 +5 +4 #+3 = «+2 0 


+1 
SIGNED 63 4847 3231 1615 0 


SIGN BIT al | L. MSB | 
MAGNITUDE 


+1 0 
15 0 


Pen 


[- MSB | 
MAGNITUDE 


+N 9 7 *1 97 % 4g 


UNSIGNED 
WORD 
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BINARY 7 
CODED 
DECIMAL 
(BCD) 


BCD 
DIGIT 1 


7 ‘+N 9 7 *1 97 9% 4g 


ASCII ASCII ASCII 
CHARACTERN CHARACTER, CHARACTER) 


7 ‘+N 9 7 *1 97 9% 4g 
a= LJ 
MOST LEAST 
SIGNIFICANT DIGIT _ SIGNIFICANT DIGIT 


715 *N 9g ms *1 97159 o 
STRING eee 


BCD 
DIGIT 0 


PACKED 
BCD 


BYTE/WORD N_ BYTE/WORD 1 
31 +3 +1 16 15 +1 
POINTER 


BYTE/WORD 0 
0 6 


SELECTOR OFFSET 
79 #9 «#348 «#86=+7 0 «©4+606«64506 6440643060 420 +1: OO 
FLOATING 
POINT (NOTE) 
SIGN BIT | l l 
EXPONENT MAGNITUDE 
FIGURE 5. 80C286 SUPPORTED DATA TYPES 


NOTE: Supported by 80C286/80C287 Numeric Data Processor 
Configuration 
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TABLE 4. INTERRUPT VECTOR ASSIGNMENTS 


FUNCTION 


NUMBER 


Divide Error Exception 


Single Step Interrupt 


I/O Space 


The I/O space consists of 64K 8-bit ports, 32K 16-bit ports, or 
a combination of the two. I/O instructions address the I/O 
space with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX register. 8-bit 
port addresses are zero extended such that A;5-Ag are LOW. 
I/O port addresses OOF8(H) through OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program location. 
The old program address (CS:IP) and machine state (Flags) 
are saved on the stack to allow resumption of the interrupted 
program. Interrupts fall into three classes: hardware initiated, 
INT instructions, and instruction exceptions. Hardware initi- 
ated interrupts occur in response to an external input and 
are Classified as non-maskable or maskable. Programs may 
cause an interrupt with an INT instruction. Instruction excep- 
tions occur when an unusual condition which prevents fur- 
ther instruction processing is detected while attempting to 
execute an instruction. The return address from an excep- 
tion will always point to the instruction causing the exception 
and include any leading instruction prefixes. 


A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0-31, 
some of which are used for instruction exceptions, are 
reserved. For each interrupt, an 8-bit vector must be sup- 
plied to the 80C286 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector internally. INT 
instructions contain or imply the vector and allow access to 
all 256 interrupts. Maskable hardware initiated interrupts 
supply the 8-bit vector to the CPU during an interrupt 
acknowledge bus sequence. Nonmaskable hardware inter- 
rupts use a predefined internally supplied vector. 


INTERRUPT 


DOES RETURN ADDRESS 
POINT TO INSTRUCTION 
CAUSING EXCEPTION? 


RELATED 
INSTRUCTIONS 


Any Undefined Opcode 


ESC or WAIT 


Maskable Interrupt (INTR) 


The 80C286 provides a maskable hardware interrupt request 
pin, INTR. Software enables this input by setting the interrupt 
flag bit (IF) in the flag word. All 224 user-defined interrupt 
sources can share this input, yet they can retain separate 
interrupt handlers. An 8-bit vector read by the CPU during the 
interrupt acknowledge sequence (discussed in System Inter- 
face section) identifies the source of the interrupt. 


The processor automatically disables further maskable inter- 
rupts internally by resetting the IF as part of the response to 
an interrupt or exception. The saved flag word will reflect the 
enable status of the processor prior to the interrupt. Until the 
flag word is restored to the flag register, the interrupt flag will 
be zero unless specifically set. The interrupt return instruc- 
tion includes restoring the flag word, thereby restoring the 
Original status of IF. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt input (NMI) is also provided. NMI 
has higher priority than INTR. A typical use of NMI would be 
to activate a power failure routine. The activation of this input 
Causes an interrupt with an internally supplied vector value 
of 2. No external interrupt acknowledge sequence is per- 
formed. 


While executing the NMI servicing procedure, the 80C286 
will service neither further NMI requests, INTR requests, nor 
the processor extension segment overrun interrupt until an 
interrupt return (IRET) instruction is executed or the CPU is 
reset. If NMI occurs while currently servicing an NMI, its 
presence will be saved for servicing after executing the first 
IRET instruction. IF is cleared at the beginning of an NMI 
interrupt to inhibit INTR interrupts. 
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Single Step Interrupt 


The 80C286 has an internal interrupt that allows programs to 
execute one instruction at a time. It is called the single step 
interrupt and is controlled by the single step flag bit (TF) in the 
flag word. Once this bit is set, an internal single step interrupt 
will occur after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally supplied vec- 
tor of 1. The IRET instruction is used to set the TF bit and 
transfer control to the next instruction to be single stepped. 


Interrupt Priorities 


When simultaneous interrupt requests occur, they are pro- 
cessed in a fixed order as shown in Table 5. Interrupt pro- 
cessing involves saving the flags, return address, and setting 
CS:IP to point at the first instruction of the interrupt handler. 
If another enabled interrupt should occur, it is processed 
before the next instruction of the current interrupt handler is 
executed. The last interrupt processed is therefore the first 
one serviced. 


TABLE 5. INTERRUPT PROCESSING ORDER 


ORDER INTERRUPT 
Instruction Exception 
Single Step 


initialization and Processor Reset 


Processor initialization or start up is accomplished by driving 
the RESET input pin HIGH. RESET forces the 80C286 to 
terminate all execution and local bus activity. No instruction 
or bus activity will occur as long as RESET is active. After 
RESET becomes inactive, and an internal processing inter- 
val elapses, the 80C286 begins execution in real address 
mode with the instruction at physical location FFFFFO(H). 
RESET also sets some registers to predefined values as 
shown in Table 6. 


TABLE 6. 80C286 INITIAL REGISTER STATE AFTER RESET 


Flag Word 


Stack Segment 


HOLD must not be active during the time from the leading 
edge of the initial RESET to 34 CLKs after the trailing edge 
of the initial RESET of an 80C286 system. 


Machine Status Word Description 


The machine status word (MSW) records when a task switch 
takes place and controls the operating mode of the 80C286. 
It is a 16-bit register of which the lower four bits are used. 
One bit places the CPU into protected mode, while the other 
three bits, as shown in Table 7, control the processor exten- 
sion interface. After RESET, this register contains FFFO(H) 
which places the 80C286 in 80C286 real address mode. 


TABLE 7. MSW BIT FUNCTIONS 


BIT 
POSITION FUNCTION 
Protected mode enable places the 
80C286 into protected mode and cannot 
be cleared except by RESET. 
Monitor processor extension allows WAIT 
instructions to cause a processor exten- 


sion not present exception (number 7). 


The LMSW and SMSW instructions can load and store the 
MSW in real address mode. The recommended use of TS, 
EM, and MP is shown in Table 8. 


Emulate processor extension causes a 
processor extension not present excep- 

tion (number 7) on ESC instructions to al- 
low emulating a processor extension. 


Task switched indicates the next instruc- 
tion using a processor extension will 
cause exception 7, allowing software to 
test whether the current processor exten- 
sion context belongs to the current task. 


Halt 


The HLT instruction stops program execution and prevents 
the CPU from using the local bus until restarted. Either NMI, 
INTR with IF = 1, or RESET will force the 80C286 out of halt. 
lf interrupted, the saved CS:IP will point to the next instruc- 
tion after the HLT. 
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TABLE 8. RECOMMENDED MSW ENCODINGS FOR PROCESSOR EXTENSION CONTROL 


INSTRUCTION 
CAUSING 
TS RECOMMENDED USE EXCEPTION 7 


i re ae Initial encoding after RESET. 80C286 operation is identical to 80C86/88. | None 
a re ae No processor extension is available. Software will emulate its function. 


1 No processor extension is available. Software will emulate its function. The ESC 
current processor extension context may belong to another task. 


A processor extension exists. The current processor extension context may ESC or WAIT 
belong to another task. The exception 7 on WAIT allows software to test for 
an error pending from a previous processor extension operation. 


TABLE 9. REAL ADDRESS MODE ADDRESSING INTERRUPTS 


INTERRUPT RETURN ADDRESS 
FUNCTION NUMBER RELATED INSTRUCTIONS BEFORE INSTRUCTION 
Interrupt table limit too small exception — ae INT vector is not within table limit pes 


Processor extension segment overrun ESC with memory operand extending beyond offset 
interrupt FFFF(H) 
Segment overrun exception Word memory reference with offset = FFFF(H) or an 
attempt to execute past the end of a segment 
80C286 Real Address Mode 


The 80C286 executes a fully upward-compatible superset of in a segment does not use the full 64K bytes, the unused 
the 80C86 instruction set in real address mode. In real end of the segment may be overlaid by another segment to 
address mode the 80C286 is object code compatible with reduce physical memory requirements. 

80C86 and 80C88 software. The real address mode archi- 

tecture (registers and addressing modes) is exactly as 


15 0 
described in the 80C286 Base Architecture section of this Co) OFFSET 
; — ADDRESS 
Functional Description. 


Memory Size 


Physical memory is a contiguous array of up to 1,048,576 ’ 


bytes (one megabyte) addressed by pins Ao through Ajz9 
and BHE. Agog through Ao3 should be ignored. 


SEGMENT 
ADDRESS 


Memory Addressing 


In real address mode physical memory is a contiguous array 
of up to 1,048,576 bytes (one megabyte) addressed by pin 
Ao through Ayg and BHE. Address bits Azo-Ao3 may not 
always be zero in real mode. Azo-Az3 should not be used by 
the system while the 80C286 is operating in Real Mode. 


The selector portion of a pointer is interpreted as the upper 
16-bits of a 20-bit segment address. The lower four bits of 
-bi 20-BIT PHYSICAL 
the 20-bit segment address are always zero. Segment 
addresses, therefore, begin on multiples of 16 bytes. See 
Figure 6 for a graphic representation of address information. 
FIGURE 6. 80C286 REAL ADDRESS MODE ADDRESS 


All segments in real address mode are 64K bytes in size and CALCULATION 
may be read, written, or executed. An exception or interrupt 
can occur if data operands or instructions attempt to wrap 
around the end of a segment (e.g. a word with its low order 
byte at offset FFFF(H) and its high order byte at offset 
0000(H)). If, in real address mode, the information contained 
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Reserved Memory Locations 


The 80C286 reserves two fixed areas of memory in real 
address mode (see Figure 7); system initialization area and 
interrupt table area. Locations from addresses FFFFO(H) 
through FFFFF(H) are reserved for system initialization. Initial 
execution begins at location FFFFO(H). Locations 00000(H) 
through O003FF(H) are reserved for interrupt vectors. 


RESET BOOTSTRAP rire 


PROGRAM JUMP 


FFFFOH 


INTERRUPT POINTER 
FOR VECTOR 255 


INTERRUPT POINTER 
FOR VECTOR 1 


INTERRUPT POINTER 
FOR VECTOR 0 


INITIAL CS:IP VALUE IS F000:FFFO 


FIGURE 7. 80C286 REAL ADDRESS MODE INITIALLY 
RESERVED MEMORY LOCATIONS 


Interrupts 


Table 9 shows the interrupt vectors reserved for exceptions 
and interrupts which indicate an addressing error. The 
exceptions leave the CPU in the state existing before 
attempting to execute the failing instruction (except for 
PUSH, POP, PUSHA, or POPA). Refer to the next section on 
protected mode initialization for a discussion on exception 8. 


Protected Mode Initialization 


To prepare the 80C286 for protected mode, the LIDT instruc- 
tion is used to load the 24-bit interrupt table base and 16-bit 
limit for the protected mode interrupt table. This instruction 
can also set a base and limit for the interrupt vector table in 
real address mode. After reset, the interrupt table base is ini- 
tialized to O0O0000(H) and its size set to O3FF(H). These val- 
ues are compatible with 80C86 and 80C88 software. LIDT 
should only be executed in preparation for protected mode. 


Shutdown 


Shutdown occurs when a severe error is detected that prevents 
further instruction processing by the CPU. Shutdown and halt 
are externally signalled via a halt bus operation. They can be 
distinguished by Ay HIGH for halt and A; LOW for shutdown. In 
real address mode, shutdown can occur under two conditions: 


¢ Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 


¢ A CALL INT or PUSH instruction attempts to wrap around 
the stack segment when SP is not even. 


An NMI input can bring the CPU out of shutdown if the IDT 
limit is at least OOOF(H) and SP is greater than 0005(H), oth- 
erwise shutdown can only be exited via the RESET input. 


Protected Virtual Address Mode 


The 80C286 executes a fully upward-compatible superset of 
the 80C86 instruction set in protected virtual address mode 
(protected mode). Protected mode also provides memory 
management and protection mechanisms and associated 
instructions. 


The 80C286 enters protected virtual address mode from real 
address mode by setting the PE (Protection Enable) bit of 
the machine status word with the Load Machine Status Word 
(LMSW) instruction. Protected mode offers extended physi- 
cal and virtual memory address space, memory protection 
mechanisms, and new operations to support operating sys- 
tems and virtual memory. 


All registers, instructions, and addressing modes described 
in the 80C286 Base Architecture section of this Functional 
Description remain the same. Programs for the 80C86, 
80C88, and real address mode 80C286 can be run in pro- 
tected mode; however, embedded constants for segment 
selectors are different. 


Memory Size 


The protected mode 80C286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte physical 
address space defined by the address pins Ap3-Ap and 
BHE. The virtual address space may be larger than the 
physical address space since any use of an address that 
does not map to a physical memory location will cause a 
restartable exception. 


CPU 


PHYSICAL MEMORY 
N ~ 


MEMORY 
OPERAND 


PHYSICAL 
ADDRESS 
ADDER 


SEGMENT 


Ie 


SEGMENT BASE 
ADDRESS 


SEGMENT 
DESCRIPTION 
TABLE 


SEGMENT 
i DESCRIPTOR 


ws A 


FIGURE 8. PROTECTED MODE MEMORY ADDRESSING 


Memory Addressing 


As in real address mode, protected mode uses 32-bit point- 
ers, consisting of 16-bit selector and offset components. The 
selector, however, specifies an index into a memory resident 
table rather than the upper 16-bits of a real memory address. 
The 24-bit base address of the desired segment is obtained 
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from the tables in memory. The 16-bit offset is added to the 
segment base address to form the physical address as 
shown in Figure 8. The tables are automatically referenced 
by the CPU whenever a segment register is loaded with a 
selector. All 80C286 instructions which load a segment reg- 
ister will reference the memory based tables without addi- 
tional software. The memory based tables contain 8 byte 
values called descriptors. 


Descriptors 


Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of control 
and task switching. The 80C286 has segment descriptors for 
code, stack and data segments, and system control descrip- 
tors for special system data segments and control transfer 
operations. Descriptor accesses are performed as locked 
bus operations to assure descriptor integrity in multi-proces- 
sor systems. 


Code and Data Segment Descriptors (S = 1) 


Besides segment base addresses, code and data descriptors 
contain other segment attributes including segment size (1 to 
64K bytes), access rights (read only, read/write, execute only, 
and execute/read), and presence in memory (for virtual mem- 
ory systems) (See Table 10). Any segment usage violating a 
segment attribute indicated by the segment descriptor will pre- 
vent the memory cycle and cause an exception or interrupt. 


+7 RESERVED + +6 
nocess *5|"]']S/ YF] *] ease arse | 
RIGHTS BYTE 
+3 BASE 15-6 +2 
+1 LIMIT 15-0 0 
15 8 7 0 


+ MUST BE SET TO 0 FOR COMPATIBILITY WITH FUTURE UPGRADES 
FIGURE 9. CODE OR DATA SEGMENT DESCRIPTOR 


Code and data (including stack data) are stored in two types 
of segments: code segments and data segments. Both types 
are identified and defined by segment descriptors (S = 1). 
Code segments are identified by the executable (E) bit set to 
1 in the descriptor access rights byte. The access rights byte 
of both code and data segment descriptor types have three 
fields in common: present (P) bit, Descriptor Privilege Level 
(DPL), and accessed (A) bit. If P = 0, any attempted use of 
this segment will cause a not-present exception. DPL speci- 
fies the privilege level of the segment descriptor. DPL con- 
trols when the descriptor may be used by a task (refer to 
privilege discussion below). The A bit shows whether the 
segment has been previously accessed for usage profiling, a 
necessity for virtual memory systems. The CPU will always 
set this bit when accessing the descriptor. 


TABLE 10. CODE AND DATA SEGMENT DESCRIPTOR FORMATS - ACCESS RIGHTS BYTE DEFINITION 


Mm ™ 


ED=1 


Expansion Direction 
(ED) 


E 


Type 
Field 
Definition 


Readable (R) 
Accessed (A) = 
fF 
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BIT 
POSITION FUNCTION 


|P=1 | Segment i is mapped into physical memory. 


= No mapping to physical memory exits, base and limit are not used. 


Descriptor Privilege Segment privilege attribute used in privilege tests. 
Level (DPL) 


Segment Descriptor (S) Code or Data (includes stacks) segment descriptor 
S=0 System Segment Descriptor or Gate Descriptor 
a Executable (E) E=0 | Data segment descriptor type is: 


Expand up segment, offsets must be < limit. 


Expand down segment, offsets must be > limit. 


a Writable (W) Data segment may not be written into. 


Data segment may be written into 


| 3 Executable (E) Code Segment Descriptor type is: 
Conforming (C) C=1 Code segment may only be executed when CPL = 
DPL and CPL remains unchanged. 
Code segment may not be read. 


Rat | Code segment may be read. 
Segment has not been accessed. 


Segment selector has been loaded into segment register or used by selector 
test instructions. 


If Data Segment 
(S=1,E=0) 


If Code Segment 
(S=1,2=1) 


800286 


Data segments (S = 1, E = 0) may be either read-only or read- 
write as controlled by the W bit of the access rights byte. 
Read-only (W = 0) data segments may not be written into. 
Data segments may grow in two directions, as determined by 
the Expansion Direction (ED) bit: upwards (ED = 0) for data 
segments, and downwards (ED = 1) for a segment containing 
a stack. The limit field for a data segment descriptor is inter- 
preted differently depending on the ED bit (see Table 10). 


A code segment (S = 1, E = 1) may be execute-only or exe- 
cute/read as determined by the Readable (R) bit. Code seg- 
ments may never be written into and execute-only code 
segments (R = 0) may not be read. A code segment may 
also have an attribute called conforming (C). A conforming 
code segment may be shared by programs that execute at 
different privilege levels. The DPL of a conforming code seg- 
ment defines the range of privilege levels at which the seg- 
ment may be executed (refer to privilege discussion below). 
The limit field identifies the last byte of a code segment. 


System Segment Descriptors (S = 0, Type = 1-3) 


In addition to code and data segment descriptors, the pro- 
tected mode 80C286 defines System Segment Descriptors. 
These descriptors define special system data segments 
which contain a table of descriptors (Local Descriptor Table 
Descriptor) or segments which contain the execution state of 
a task (Task State Segment Descriptor). 


Table 11 gives the formats for the special system data seg- 
ment descriptors. The descriptors contain a 24-bit base 
address of the segment and a 16-bit limit. The access byte 
defines the type of descriptor, its state and privilege level. 
The descriptor contents are valid and the segment is in 
physical memory if P = 1. If P = 0, the segment is not valid. 
The DPL field is only used in Task State Segment descrip- 
tors and indicates the privilege level at which the descriptor 
may be used (see Privilege). Since the Local Descriptor 
Table descriptor may only be used by a special privileged 
instruction, the DPL field is not used. Bit 4 of the access byte 
is 0 to indicate that it is a system control descriptor. The type 
field specifies the descriptor type as indicated in Table 11. 


7 07 0 
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LIMIT 45.9 0 
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FIGURE 10. SYSTEM SEGMENT DESCRIPTOR 


TABLE 11. SYSTEM SEGMENT DESCRIPTOR FORMAT FIELDS 


0-3 Descriptor Privilege Level 
Base Address of special system data 
segment in real memory 
LIMIT 16-Bit Offset of last byte in segment 
Number 


Gate Descriptors (S = 0, Type = 4-7) 


Gates are used to control access to entry points within the 
target code segment. The gate descriptors are call gates, 
task gates, interrupt gates and trap gates. Gates provide a 
level of indirection between the source and destination of the 
control transfer. This indirection allows the CPU to automati- 
cally perform protection checks and control entry point of the 
destination. Call gates are used to change privilege levels 
(see Privilege), task gates are used to perform a task switch, 
and interrupt and trap gates are used to specify interrupt ser- 
vice routines. The interrupt gate disables interrupts (resets 
IF) while the trap gate does not. 


Table 12 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to the 
descriptor of the target segment and the entry point offset. 
The destination selector in an interrupt gate, trap gate, and 
call gate must refer to a code segment descriptor. These gate 
descriptors contain the entry point to prevent a program from 
constructing and using an illegal entry point. Task gates may 
only refer to a task state segment. Since task gates invoke a 
task switch, the destination offset is not used in the task gate. 


Exception 13 is generated when the gate is used if a destina- 
tion selector does not refer to the correct descriptor type. The 
word count field is used in the call gate descriptor to indicate 
the number of parameters (0-31 words) to be automatically 
copied from the caller’s stack to the stack of the called routine 
when a control transfer changes privilege levels. The word 
count field is not used by any other gate descriptor. 


The access byte format is the same for all descriptors. P = 1 
indicates that the gate contents are valid. P = 0 indicates the 
contents are not valid and causes exception 11 if referenced. 
DPL is the descriptor privilege level and specifies when this 
descriptor may be used by a task (refer to privilege discus- 
sion below). Bit 4 must equal 0 to indicate a system control 
descriptor. The type field specifies the descriptor type as 
indicated in Table 12. 
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Segment Descriptor Cache Registers 


A segment descriptor cache register is assigned to each of 
the four segment registers (CS, SS, DS, ES). Segment 
descriptors are automatically loaded (cached) into a seg- 
ment descriptor cache register (Figure 12) whenever the 
associated segment register is loaded with a selector. 


Only segment descriptors may be loaded into segment 
descriptor cache registers. Once loaded, all references to 
that segment of memory use the cached descriptor informa- 
tion instead of reaccessing the descriptor. The descriptor 
cache registers are not visible to programs. No instructions 
exist to store their contents. They only change when a seg- 
ment register is loaded. 


7 07 0 
RESERVED + 


DESTINATION SELECTOR 45. 9 


DESTINATION OFFSET 45.6 


15 8 7 0 
+ MUST BE SET TO 0 FOR COMPATIBILITY WITH FUTURE UPGRADES 


FIGURE 11. GATE DESCRIPTOR 


TABLE 12. GATE DESCRIPTOR FORMAT FIELD 


[wane [varus | eescnipron 
8 (ac 
<a 


Descriptor Contents are not valid 
Descriptor Contents are valid 
DPL Descriptor Privilege Level 


Number of words to copy from callers 
stack to called procedures stack. Only 
used with call gate. 


Selector to the target code segment 
SELECTOR | Selector | (call, interrupt or selector Trap Gate). 
Selector to the target task state seg- 
ment (Task Gate). 


DESTINATION | 16-Bit | Entry point within the target code seg- 
OFFSET Offset | ment 


Selector Fields 


A protected mode selector has three fields: descriptor entry 
index, local or global descriptor table indicator (T)), and selec- 
tor privilege (RPL) as shown in Figure 13. These fields select 
one of two memory based tables of descriptors, select the 
appropriate table entry and allow high-speed testing of the 
selector's privilege attribute (refer to privilege discussion 
below). 


PROGRAM VISIBLE 
SEGMENT SELECTORS 
cS 
DS 
SS 
ES 
15 0 


SEGMENT REGISTERS 
(LOADED BY PROGRAM) 


PROGRAM INVISIBLE 


SEGMENT PHYSICAL 
BASE ADDRESS 


ACCESS 


RIGHTS SEGMENT SIZE 


47 40 39 16 15 0 


SEGMENT DESCRIPTOR CACHE REGISTERS 
(AUTOMATICALLY LOADED BY CPU) 


FIGURE 12. DESCRIPTOR CACHE REGISTERS 


SELECTOR 


Ce 
15 8 7 21 0 


FUNCTION 
1-0 | Requested Privilege Level 
(RPL) 
2 


Indicates Selector Privilege 
Level Desired 
Table Indicator (TI) Tl 


= 0 Use Global Descrip- 
tor Table (GDT) 

TI = 1 Use Local Descriptor 
Table (LDT) 


15-3 Select Descriptor Entry In 
Table 


FIGURE 13. SELECTOR FIELDS 


Local and Global Descriptor Tables 


Two tables of descriptors, called descriptor tables, contain all 
descriptors accessible by a task at any given time. A descriptor 
table is a linear array of up to 8192 descriptors. The upper 13 
bits of the selector value are an index into a descriptor table. 
Each table has a 24-bit base register to locate the descriptor 
table in physical memory and a 16-bit limit register that confine 
descriptor access to the defined limits of the table as shown in 
Figure 14. A restartable exception (13) will occur if an attempt is 
made to reference a descriptor outside the table limits. 


One table, called the Global Descriptor table (GDT), con- 
tains descriptors available to all tasks. The other table, called 
the Local Descriptor Table (LDT), contains descriptors that 
can be private to a task. Each task may have its own private 
LDT. The GDT may contain all descriptor types except inter- 
rupt and trap descriptors. The LDT may contain only seg- 
ment, task gate, and call gate descriptors. A segment cannot 
be accessed by a task if its segment descriptor does not 
exist in either descriptor table at the time of access. 
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FIGURE 14. LOCAL AND GLOBAL DESCRIPTOR TABLE 
DEFINITION 


The LGDT and LLDT instructions load the base and limit of 
the global and local descriptor tables. LGDT and LLDT are 
privileged, i.e. they may only be executed by trusted pro- 
grams operating at level 0. The LGDT instruction loads a six 
byte field containing the 16-bit table limit and 24-bit physical 
base address of the Global Descriptor Table as shown in 
Figure 15. The LDT instruction loads a selector which refers 
to a Local Descriptor Table descriptor containing the base 
address and limit for an LDT, as shown in Table 11. 
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FIGURE 15. GLOBAL DESCRIPTOR TABLE AND INTERRUPT 
DESCRIPTOR TABLE DATA TYPE 


Interrupt Descriptor Table 


The protected mode 80C286 has a third descriptor table, 
called the Interrupt Descriptor Table (IDT) (see Figure 16), 
used to define up to 256 interrupts. It may contain only task 
gates, interrupt gates and trap gates. The IDT (Interrupt 
Descriptor Table) has a 24-bit physical base and 16-bit limit 
register in the CPU. The privileged LIDT instruction loads 
these registers with a six byte value of identical form to that 
of the LGDT instruction (see Figure 16 and Protected Mode 
Initialization). 


References to IDT entries are made via INT instructions, exter- 
nal interrupt vectors, or exceptions. The IDT must be at least 
256 bytes in size to allocate space for all reserved interrupts. 
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FIGURE 16. INTERRUPT DESCRIPTOR TABLE DEFINITION 


Privilege 


The 80C286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and access 
to descriptors (and their associated segments) within a task. 
Four-level privilege, as shown in Figure 17, is an extension 
of the users/supervisor mode commonly found in minicom- 
puters. The privilege levels are numbered 0 through 3. Level 
0 is the most privileged level. Privilege levels provide protec- 
tion within a task. (Tasks are isolated by providing private 
LDT’s for each task.) Operating system routines, interrupt 
handlers, and other system software can be included and 
protected within the virtual address space of each task using 
the four levels of privilege. Each task in the system has a 
separate stack for each of its privilege levels. 


Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege affects the use of instructions and 
descriptors. Descriptor and selector privilege only affect 
access to the descriptor. 

CPU 
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SOFTWARE 
INTERFACES 


APPLICATIONS 
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SYSTEM 
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NOTE: PL becomes numerically lower as privilege level increases. 
FIGURE 17. HIERARCHICAL PRIVILEGE LEVELS 
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Task Privilege 


A task always executes at one of the four privilege levels. 
The task privilege level at any specific instant is called the 
Current Privilege Level (CPL) and is defined by the lower two 
bits of the CS register. CPL cannot change during execution 
in a single code segment. A task's CPL may only be 
changed by control transfers through gate descriptors to a 
new code segment (See Control Transfer). Tasks begin exe- 
cuting at the CPL value specified by the code segment 
selector within TSS when the task is initiated via a task 
switch operation (See Figure 18). A task executing at Level 0 
can access all data segments defined in the GDT and the 
task's LDT and is considered the most trusted level. A task 
executing a Level 3 has the most restricted access to data 
and is considered the least trusted level. 


Descriptor Privilege 


Descriptor privilege is specified by the Descriptor Privilege 
Level (DPL) field of the descriptor access byte. DPL specifies 
the least trusted task privilege level (CPL) at which a task may 
access the descriptor. Descriptors with DPL = 0 are the most 
protected. Only tasks executing at privilege level 0 (CPL = 0) 
may access them. Descriptors with DPL = 3 are the least pro- 
tected (i.e. have the least restricted access) since tasks can 
access them when CPL = 0, 1, 2, or 3). This rule applies to all 
descriptors, except LDT descriptors. 


Selector Privilege 


Selector privilege is specified by the Requested Privilege 
Level (RPL) field in the least significant two bits of a selector. 
Selector RPL may establish a less trusted privilege level 
than the current privilege level for the use of a selector. This 
level is called the task's effective privilege level (EPL). RPL 
can only reduce the scope of a task's access to data with 
this selector. A task's effective privilege is the numeric maxi- 
mum of RPL and CPL. A selector with RPL = 0 imposes no 
additional restriction on its use while a selector with RPL = 3 
can only refer to segments at privilege Level 3 regardless of 
the task's CPL. RPL is generally used to verify that pointer 


parameters passed to a more trusted procedure are not 
allowed to use data at a more privileged level than the caller 
(refer to pointer testing instructions). 


Descriptor Access and Privilege Validation 


Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the instruction 
used, the type of descriptor used and CPL, RPL, and DPL. 
The two basic types of segment accesses are control trans- 
fer (selectors loaded into CS) and data (selectors loaded into 
DS, ES or SS). 


Data Segment Access 


Instructions that load selectors into DS and ES must refer to 
a data segment descriptor or readable code segment 
descriptor. The CPL of the task and the RPL of the selector 
must be the same as or more privileged (numerically equal 
to or lower than) than the descriptor DPL. In general, a task 
can only access data segments at the same or less privi- 
leged levels than the CPL or RPL (whichever is numerically 
higher) to prevent a program from accessing data it cannot 
be trusted to use. 


An exception to the rule is a readable conforming code seg- 
ment. This type of code segment can be read from any privi- 
lege level. 


If the privilege checks fail (e.g. DPL is numerically less than 
the maximum of CPL and RPL) or an incorrect type of 
descriptor is referenced (e.g. gate descriptor or execute only 
code segment) exception 13 occurs. If the segment is not 
present, exception 11 is generated. 


Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The 
descriptor privilege (DPL) and RPL must equal CPL. All 
other descriptor types or a privilege level violation will cause 
exception 13. A not present fault causes exception 12. 


TABLE 13. DESCRIPTOR TYPES USED FOR CONTROL TRANSFER 


Intersegment to the same or higher privilege level interrupt 
within task may change CPL 


NOTES: 
4. NT (Nested Task bit of flag word) = 0 
5. NT (Nested Task bit of flag word) = 1 


DESCRIPTOR DESCRIPTOR 
CONTROL TRANSFER TYPES OPERATION TYPES REFERENCED TABLE 


Intersegment within the same privilege levels JMP, CALL, RET, IRET (Note 4) | Code Segment GDT/LDT 
CALL Call Gate GDT/LDT 


Interrupt Instruction, Exception | Trap or Interrupt Gate | IDT 
External Interrupt 


Intersegment to a lower privilege level (changes task CPL) | RET, IRET (Note 4) Code Segment GDT/LDT 


Task Switch CALL, JMP Task State Segment | GDT 
CALL, JMP Task Gate GDT/LDT 
IRET (Note 5) Task Gate IDT 
Interrupt Instruction, Exception 
External Interrupt 
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Control Transfer 


Four types of control transfer can occur when a selector is 
loaded into CS by a control transfer operation (see Table 13). 
Each transfer type can only occur if the operation which 
loaded the selector references the correct descriptor type. 
Any violation of these descriptor usage rules (e.g. JMP 
through a call gate or RET to a Task State Segment) will 
cause exception 13. 


The ability to reference a descriptor for control transfer is 
also subject to rules of privilege. A CALL or JUMP instruc- 
tion may only reference a code segment descriptor with DPL 
equal to the task CPL or a conforming segment with DPL of 
equal or greater privilege than CPL. The RPL of the selector 
used to reference the code descriptor must have as much 
privilege as CPL. 


RET and IRET instructions may only reference code seg- 
ment descriptors with descriptor privilege equal to or less 
privileged than the task CPL. The selector loaded into CS is 
the return address from the stack. After the return, the selec- 
tor RPL is the task's new CPL. If CPL changes, the old stack 
pointer is popped after the return address. 


When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less priv- 
ileged than the task's CPL. Reference to a valid Task State 
Segment descriptor causes a task switch (see Task Switch 
Operation). Reference to a Task State Segment descriptor at 
a more privileged level than the task's CPL generates excep- 
tion 13. 


When an instruction or interrupt references a gate descrip- 
tor, the gate DPL must have the same or less privilege than 
the task CPL. If DPL is at a more privileged level than CPL, 
exception 13 occurs. If the destination selector contained in 
the gate references a code segment descriptor, the code 
segment descriptor DPL must be the same or more privi- 
leged than the task CPL. If not, Exception 13 is issued. After 
the control transfer, the code segment descriptors DPL is the 
task's new CPL. If the destination selector in the gate refer- 
ences a task state segment, a task switch is automatically 
performed (see Task Switch Operation). 


The privilege rules on control transfer require: 


e JMP or CALL direct to a code segment (code segment 
descriptor) can only be a conforming segment with DPL of 
equal or greater privilege than CPL or a non-conforming 
segment at the same privilege level. 


¢ Interrupts within the task, or calls that may change privilege 
levels, can only transfer control through a gate at the same 
or a less privileged level than CPL to a code segment at the 
same or more privileged level than CPL. 


e Return instructions that don't switch tasks can only return 
control to a code segment at the same or less privileged 
level. 


e Task switch can be performed by a call, jump or interrupt 
which references either a task gate or task state segment at 
the same or less privileged level. 


Privilege Level Changes 


Any control transfer that changes CPL within the task, 
causes a change of stacks as part of the operation. Initial 
values of SS:SP for privilege levels 0, 1, and 2 are kept in the 
task state segment (refer to Task Switch Operation). During 
a JMP or CALL control transfer, the new stack pointer is 
loaded into the SS and SP registers and the previous stack 
pointer is pushed onto the new stack. 


When returning to the original privilege level, its stack is 
restored as part of the RET or IRET instruction operation. 
For subroutine calls that pass parameters on the stack and 
cross privilege levels, a fixed number of words, as specified 
in the gate, are copied from the previous stack to the current 
stack. The inter-segment RET instruction with a stack adjust- 
ment value will correctly restore the previous stack pointer 
upon return. 


Protection 


The 80C286 includes mechanisms to protect critical instruc- 
tions that effect the CPU execution state (e.g. HLT) and code 
or data segments from improper usage. These protection 
mechanisms are grouped into three forms: 


¢ Restricted usage of segments (e.g. no write allowed to 
read-only data segments). The only segments available for 
use are defined by descriptors in the Local Descriptor Table 
(LDT) and Global Descriptor Table (GDT). 


¢ Restricted access to segments via the rules of privilege and 
descriptor usage. 


¢ Privileged instructions or operations that may only be exe- 
cuted at certain privilege levels as determined by the CPL 
and I/O Privilege Level (IOPL). The IOPL is defined by bits 
14 and 13 of the flag word. 


These checks are performed for all instructions and can be 
split into three categories: segment load checks (Table 14), 
operand reference checks (Table 15), and privileged instruc- 
tion checks (Table 16). Any violation of the rules shown will 
result in an exception. A not-present exception related to the 
stack segment causes exception 12. 


TABLE 14. SEGMENT REGISTER LOAD CHECKS 


EXCEPTION 
ERROR DESCRIPTION NUMBER 


Descriptor table limit exceeded 
Segment descriptor not-present 11 or 12 
Privilege rules violated ene 


Invalid descriptor/segment type segment register 
load: 
- Read only data segment load to SS 
- Special control descriptor load to DS, ES, SS 
- Execute only Segment load to DS, ES, SS 
- Data segment load to CS 
- Read/Execute code segment load SS 
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TABLE 15. OPERAND REFERENCE CHECKS 


EXCEPTION 
ERROR DESCRIPTION NUMBER 


NOTE: Carry out in offset calculations is ignored. 


TABLE 16. PRIVILEGED INSTRUCTION CHECKS 


EXCEPTION 
ERROR DESCRIPTION NUMBER 
CPL #0 when executing the following instructions: 13 
LIDT, LLDT, LGDT, LTR, LMSW, CTS, HLT 


CPT > IOPL when executing the following 13 
instructions: 
INS, IN, OUTS, OUT, STI, CLI, LOCK 


The IRET and POPF instructions do not perform some of 
their defined functions if CPL is not of sufficient privilege 
(numerically small enough). Precisely these are: 


¢ The IF bit is not changed if CPL is greater than IOPL. 


¢ The IOPL field of the flag word is not changed if CPL is 
greater than 0. 


No exceptions or other indication are given when these con- 
ditions occur. 


Exceptions 


The 80C286 detects several types of exceptions and inter- 
rupts in protected mode (see Table 17). Most are restartable 
after the exceptional condition is removed. Interrupt handlers 
for most exceptions can read an error code, pushed on the 
stack after the return address, that identifies the selector 
involved (0 if none). The return address normally points to 
the failing instruction including all leading prefixes. For a pro- 
cessor extension segment overrun exception, the return 


address will not point at the ESC instruction that caused the 
exception; however, the processor extension registers may 
contain the address of the failing instruction. 


These exceptions indicate a violation to privilege rules or 
usage rules has occurred. Restart is generally not attempted 
under those conditions. 


All these checks are performed for all instructions and can 
be split into three categories: segment load checks (Table 
14), operand reference checks (Table 15), and privileged 
instruction checks (Table 16). Any violation of the rules 
shown will result in an exception. A not-present exception 
causes exception 11 or 12 and is restartable. 


SPECIAL OPERATIONS 


Task Switch Operation 


The 80C286 provides a built-in task switch operation which 
saves the entire 80C286 execution state (registers, address 
space, and a link to the previous task), loads a new execution 
state, and commences execution in the new task. Like gates, 
the task switch operation is invoked by executing an inter-seg- 
ment JMP or CALL instruction which refers to a Task State 
Segment (TSS) or task gate descriptor in the GDT or LDT. An 
INT instruction, exception, or external interrupt may also 
invoke the task switch operation by selecting a task gate 
descriptor in the associated IDT descriptor entry. 


The TSS descriptor points at a segment (see Figure 18) con- 
taining the entire 80C286 execution state while a task gate 
descriptor contains a TSS selector. The limit field of the 
descriptor must be greater than 002B(h). 


Each task must have a TSS associated with it. The current 
TSS is identified by a special register in the 80C286 called 
the Task Register (TR). This register contains a selector 
referring to the task state segment descriptor that defines 
the current TSS. A hidden base and limit register associated 
with TR are loaded whenever TR is loaded with a new selec- 
tor. The IRET instruction is used to return control to the task 
that called the current task or was interrupted. Bit 14 in the 
flag register is called the Nested Task (NT) bit. It controls the 


TABLE 17. PROTECTED MODE EXCEPTIONS 


INTERRUPT 
VECTOR 


NOTES: 


FUNCTION 


SC 
2 Presasorenensionsegrentoveran | te 


RETURN ADDRESS 
AT FALLING 
INSTRUCTION? 


ALWAYS 
RESTARTABLE? 


No (Note 7) 
No (Note 7) 


ERROR CODE 
ON STACK? 


Yes (Note 6) 
No (Note 7) 


6. When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception will not be restartable 
because stack segment wrap around is not permitted. This condition is identified by the value of the saved SP being either 0000(H), 0001(H), 
FFFE(H), or FFFF(H). 


7. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted under those conditions. 
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function of the IRET instruction. If NT = 0, the IRET instruc- 
tion performs the regular current task by popping values off 
the stack; when NT = 1, IRET performs a task switch opera- 
tion back to the previous task. 


When a CALL, JMP, or INT instruction initiates a task switch, 
the old (except for case of JMP) and new TSS will be marked 
busy and the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set by CALL or 
INT initiated task switches. An interrupt that does not cause 
a task switch will clear NT. NT may also be set or cleared by 
POPF or IRET instructions. 


The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a selec- 
tor that references a busy task state segment causes 
Exception 13. 


Processor Extension Context Switching 


The context of a processor extension is not changed by the 
task switch operation. A processor extension context need 
only be changed when a different task attempts to use the 
processor extension (which still contains the context of a pre- 
vious task). The 80C286 detects the first use of a processor 
extension after a task switch by causing the processor exten- 
sion not present exception (7). The interrupt handler may then 
decide whether a context change is necessary. 


Whenever the 80C286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a proces- 
sor extension context may belong to a different task than 
the current one. The processor extension not present 
exception (7) will occur when attempting to execute an ESC 
or WAIT instruction if TS = 1 and a processor extension is 
present (MP = 1 in MSW). 


Pointer Testing Instructions 


The 80C286 provides several instructions to speed pointer 
testing and consistency checks for maintaining system integ- 
rity (see Table 18). These instructions use the memory man- 
agement hardware to verify that a selector value refers to an 


appropriate segment without risking an exception. A condition 
flag (ZF) indicates whether use of the selector or segment will 
Cause an exception. 


Double Fault and Shutdown 


If two separate exceptions are detected during a single 
instruction execution, the 80C286 performs the double fault 
exception (8). If an exception occurs during processing of 
the double fault exception, the 80C286 will enter shutdown. 
During shutdown no further instructions or exceptions are 
processed. Either NMI (CPU remains in protected mode) or 
RESET (CPU exits protected mode) can force the 80C286 
out of shutdown. Shutdown is externally signalled via a 
HALT bus operation with A; LOW. 


Protected Mode Initialization 


The 80C286 initially executes in real address mode after 
RESET. To allow initialization code to be placed at the top of 
physical memory. Az3-29 will be HIGH when the 80C286 
performs memory references relative to the CS register until 
CS is changed. Az3-20 will be zero for references to the DS, 
ES, or SS segments. Changing CS in real address mode will 
force Ag3-29 LOW whenever CS is used again. The initial 
CS:IP value of FO00:FFFO provides 64K bytes of code space 
for initialization code without changing CS. 


Protected mode operation requires several registers to be 
initialized. The GDT and IDT base registers must refer to a 
valid GDT and IDT. After executing the LMSW instruction to 
set PE, the 80C286 must immediately execute an intraseg- 
ment JMP instruction to clear the instruction queue of 
instructions decoded in real address mode. 


To force the 80C286 CPU registers to match the initial pro- 
tected mode state assumed by software, execute a JMP 
instruction with a selector referring to the initial TSS used in 
the system. This will load the task register, local descriptor 
table register, segment registers and initial general register 
state. The TR should point at a valid TSS since any task 
switch operation involves saving the current task state. 


TABLE 18. 80C286 POINTER TEST INSTRUCTIONS 


INSTRUCTION OPERANDS FUNCTION 


Selector, 
Register 


ARPL 


changed by ARPL. 


Register, 
Selector 
Register, 
Selector 


Adjust Requested Privilege Level: adjusts the RPL of the selector to the numeric maximum of 
current selector RPL value and the RPL value in the register. Set zero flag if selector RPL was 


VERR VERify for Read: sets the zero flag if the segment referred to by the selector can be read. 
VERW VERify for Write: sets the zero flag if the segment referred to by the selector can be written. 


Load Segment Limit: reads the segment limit into the register if privilege rules and descriptor type 
allow. Set zero flag if successful. 


Load Access Rights: reads the descriptor access rights byte into the register if privilege rules al- 
low. Set zero flag if successful. 
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CPU 


TASK REGISTER 

TR ~~ SYSTEM 
SEGMENT 
DESCRIPTOR 


15 0 


! PROGRAM INVISIBLE ® 


ee 


15 


SS FOR CPL 0 
SP FOR CPL 0 


T 


RESERVED 


D] O|TYPE 
if BASE 23 - 16 


BASE 15-0 


LIMIT 15-0 


TYPE DESCRIPTION 


An available task state segment. 
May be used as the destination 
of a task switch operation. 


A busy task state segment. Can- 
not be used as the destination of 
a task switch. 


awe ew = = J 


BYTE 
0 | OFFSET 


TASK LDT SELECTOR 42 
DS SELECTOR 40 ca DESCRIPTION 
a8 SELEIOR 36 | a Base and Limit fields are valid. 
CS SELECTOR 36 ° : 
Segment is not present in mem- 
ES SELECTOR 34 ory, Base and Limit are not de- 
sid 
TASK 
ex sC*d 2! 
STATE 
es 
. 
IP (ENTRY POINT) 14 
SS FOR CPL 2 12 
SP FOR CPL 2 10 
SS FOR CPL 1 8 | INITIAL 
TACK 
SP FOR CPL 1 6 elapse 0, 1,2 


BACK LINK SELECTOR TO TSS | 0 


FIGURE 18. TASK STATE SEGMENT AND TSS REGISTERS 


System Interface 


The 80C286 system interface appears in two forms: a local 
bus and a system bus. The local bus consists of address, 
data, status, and control signals at the pins of the CPU. A sys- 
tem bus is any buffered version of the local bus. A system bus 


may also differ from the local bus in terms of coding of status 


and control lines and/or timing and loading of signals. 


Bus interface Signals and Timing 


The 80C286 microsystems local bus interfaces the 80C286 to 
local memory and I/O components. The interface has 24 
address lines, 16 data lines, and 8 status and control signals. 


The 80C286 CPU, 82C284 clock generator, 82C288 bus 
controller, 82289 bus arbiter, 82C86H/87H transceivers, and 
82C82/83H latches provide a buffered and decoded system 
bus interface. The 82C284 generates the system clock and 
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synchronizes READY and RESET. The 82C288 converts 
bus operation status encoded by the 80C286 into command 
and bus control signals. The 82289 bus arbiter generates 
Multibus™ bus arbitration signals. These components can 
provide the critical timing required for most system bus inter- 
faces including the Multibus. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating inputs to 
CMOS devices, and to eliminate the need for pull-up/down 
resistors, “bus-hold” circuitry has been used on the 80C286 
pins 4-6, 36-51 and 66-68 (See Figure 19A and 19B). The 
circuit shown in Figure 19A will maintain the last valid logic 
state if no driving source is present (i.e. an unconnected pin 
or a driving source which goes to a high impedance state). 
The circuit shown in Figure 19B will maintain a high imped- 
ance logic one state if no driving source is present. To over- 
drive the “bus-hold” circuits, an external driver must be 
capable of sinking or sourcing approximately 400 microamps 
at valid input voltage levels. Since this “bus-hold” circuitry is 
active and not a “resistive” type element, the associated 
power supply current is negligible, and power dissipation is 
significantly reduced when compared to the use of passive 
pull-up resistors. 


EXTERNAL 
PIN 


OUTPUT 
DRIVER 


INPUT 
DRIVER 


INPUT 
PROTECTION 
CIRCUITRY 


FIGURE 19A. BUS HOLD CIRCUITRY, PINS 36-51, 66, 67 


OUTPUT 
DRIVER 


EXTERNAL 
PIN 


INPUT 
DRIVER 


INPUT 
PROTECTION 
CIRCUITRY 


FIGURE 19B. BUS HOLD CIRCUITRY, PINS 4-6, 68 


Physical Memory and I/O Interface 


A maximum of 16 megabytes of physical memory can be 
addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible as 
bytes or words. Words consist of any two consecutive bytes 
addressed with the least significant byte stored in the lowest 


address. Byte transfers occur on either half of the 16-bit local 
data bus. Even bytes are accessed over D7.9 while odd bytes 
are transferred over Di5.3. Even addressed words are trans- 
ferred over Dy5-,¢ in one bus cycle, while odd addressed word 
require two bus operations. The first transfers data on D45.g, 
and the second transfers data on D7.¢9. Both byte data trans- 
fers occur automatically, transparent to software. 


Two bus signals, Ag and BHE, control transfers over the 
lower and upper halves of the data bus. Even address byte 
transfers are indicated by Ag LOW and BHE HIGH. Odd 
address byte transfers are indicated by Aj HIGH and BHE 
LOW. Both Ag and BHE are LOW for even address word 
transfers. 


The I/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or words, 
as is memory. Byte wide peripheral devices may be attached 
to either the upper or lower byte of the data bus. Byte-wide I/O 
devices attached to the upper data byte (D;5.g) are accessed 
with odd I/O addresses. Devices on the lower data byte are 
accessed with even I/O addresses. An interrupt controller 
such as Harris's 82C59A must be connected to the lower data 
byte (D7.9) for proper return of the interrupt vector. 


Bus Operation 


The 80C286 uses a double frequency system clock (CLK 
input) to control bus timing. All signals on the local bus are 
measured relative to the system CLK input. The CPU divides 
the system clock by 2 to produce the internal processor 
clock, which determines bus state. Each processor clock is 
composed of two system clock cycles named phase 1 and 
phase 2. The 82C284 clock generator output (PCLK) identi- 
fies the next phase of the processor clock. (See Figure 20.) 


—~«— ONE PROCESSOR CLOCK CYCLE ——> 
i ONE BUS T STATE 


PHASE 1 PHASE 2 
— OF PROCESSOR > |< OF PROCESSOR > 
CLOCK CYCLE CLOCK CYCLE 


ONE SYSTEM 
Pp CLK CYCLE | 


FIGURE 20. SYSTEM AND PROCESSOR CLOCK RELATION- 
SHIPS 


Six types of bus operations are supported; memory read, 
memory write, I/O read, I/O write, interrupt acknowledge, 
and halt/shutdown. Data can be transferred at a maximum 
rate of one word per two processor clock cycles. 


The 80C286 bus has three basic states: idle (T\), send sta- 
tus (Ts), and perform command (Tc). The 80C286 CPU also 
has a fourth local bus state called hold (Ty). Ty indicates 
that the 80C286 has surrendered control of the local bus to 
another bus master in response to a HOLD request. 


Each bus state is one processor clock long. Figure 21 shows 
the four 80C286 local bus states and allowed transitions. 
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NEW CYCLE ¢ HLDA 


HLDA e NEW CYCLE 


READY e NEW CYCLE 


FIGURE 21. 80C286 BUS STATES 


Bus States 


The idle (T;) state indicates that no data transfers are in 
progress or requested. The first active state Ts is signaled 
by status line S1 or SO going LOW and identifying phase 1 of 
the processor clock. During Ts, the command encoding, the 
address, and data (for a write operation) are available on the 
80C286 output pins. The 82C288 bus controller decodes the 
status signals and generates Multibus compatible read/write 
command and local transceiver control signals. 


After Ts, the perform command (Tc) state is entered. Mem- 
ory or I/O devices respond to the bus operation during Tc, 
either transferring read data to the CPU or accepting write 
data. Tc states may be repeated as often as necessary to 
ensure sufficient time for the memory or I/O device to 
respond. The READY signal determines whether Tc is 
repeated. A repeated T¢ state is called a wait state. 


During hold (Ty), the 80C286 will float all address, data, and 
status output drivers enabling another bus master to use the 
local bus. The 80C286 HOLD input signal is used to place 
the 80C286 into the Ty state. The 80C286 HLDA output sig- 
nal indicates that the CPU has entered Ty. 


Pipelined Addressing 


The 80C286 uses a local bus interface with pipelined timing 
to allow as much time as possible for data access. Pipelined 
timing allows a new bus operation to be initiated every two 
processor cycles, while allowing each individual bus opera- 
tion to last for three processor cycles. 


The timing of the address outputs is pipelined such that the 
address of the next bus operation becomes available during 
the current bus operation. Or, in other words, the first clock of 
the next bus operation is overlapped with the last clock of the 
current bus operation. Therefore, address decode and routing 
logic can operate in advance of the next bus operation. 


External address latches may hold the address stable for the 
entire bus operation, and provide additional AC and DC buff- 
ering. 


The 80C286 does not maintain the address of the current bus 
operation during all Tc states. Instead, the address for the 
next bus operation may be emitted during phase 2 of any Tc. 


The address remains valid during phase 1 of the first To to 
guarantee hold time, relative to ALE, for the address latch 
inputs. 


Bus Control Signals 


The 82C288 bus controller provides control signals; address 
latch enable (ALE), Read/Write commands, data trans- 
mit/receive (DT/R), and data enable (DEN) that control the 
address latches, data transceivers, write enable, and output 
enable for memory and I/O systems. 


The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one sys- 
tem CLK period of address hold time from the end of the pre- 
vious bus operation until the address for the next bus 
operation appears at the latch outputs. This address hold 
time is required to support Multibus and common memory 
systems. 


The data bus transceivers are controlled by 82C288 outputs 
Data Enable (DEN) and Data Transmit/Receive (DT/R). DEN 
enables the data transceivers; while DT/R controls trans- 
ceiver direction. DEN and DT/R are timed to prevent bus 
contention between the bus master, data bus transceivers, 
and system data bus transceivers. 


Command Timing Controls 


Two system timing customization options, command extension 
and command delay, are provided on the 80C286 local bus. 


Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 80C86. External logic can control 
the duration of any bus operation such that the operation is 
only as long as necessary. The READY input signal can 
extend any bus operation for as long as necessary. 


Command delay allows an increase of address or write data 
setup time to system bus command active for any bus opera- 
tion by delaying when the system bus command becomes 
active. Command delay is controlled by the 82C288 CMDLY 
input. After Ts, the bus controller samples CMDLY at each 
failing edge of CLK. If CMDLY is HIGH, the 82C288 will not 
activate the command signal. When CMDLY is LOW, the 
82C288 will activate the command signal. After the com- 
mand becomes active, the CMDLY input is not sampled. 


When a command is delayed, the available response time 
from command active to return read data or accept write 
data is less. To customize system bus timing, an address 
decoder can determine which bus operations require delay- 
ing the command. The CMDLY input does not affect the tim- 
ing of ALE, DEN or DT/R. 


Figure 23 illustrates four uses of CMDLY. Example 1 shows 
delaying the read command two system CLKs for cycle N-1 
and no delay for cycle N, and example 2 shows delaying the 
read command one system CLK for cycle N-1 and one sys- 
tem CLK delay for cycle N. 
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FIGURE 22. BASIC BUS CYCLE 
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FIGURE 23. CMDLY CONTROLS THE LEADING EDGE OF COMMAND SIGNAL 
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Bus Cycle Termination 


At maximum transfer rates, the 80C286 bus alternates 
between the status and command states. The bus status sig- 
nals become inactive after Ts so that they may correctly sig- 
nal the start of the next bus operation after the completion of 
the current cycle. No external indication of Tc exists on the 
80C286 local bus. The bus master and bus controller enter 
Tc directly after Ts and continue executing Tc cycles until 
terminated by the assertion of READY. 


READY Operation 


The current bus master and 82C288 bus controller terminate 
each bus operation simultaneously to achieve maximum bus 
operation bandwidth. Both are informed in advance by 
READY active (open-collector output from 82C284) which 
identifies the last Tc cycle of the current bus operation. The 
bus master and bus controller must see the same sense of 
the READY signal, thereby requiring READY to be synchro- 
nous to the system clock. 


Synchronous Ready 


The 820284 clock generator provides READY synchroniza- 
tion from both synchronous and asynchronous sources (see 
Figure 24). The synchronous ready input (SRDY) of the 
clock generator is sampled with the falling edge of CLK at 
the end of phase 1 of each Tc. The state of SRDY is then 
broadcast to the bus master and bus controller via the 
READY output line. 


Asynchronous Ready 


Many systems have devices or subsystems that are asyn- 
chronous to the system clock. As a result, their ready out- 
puts cannot be guaranteed to meet the 82C284 SRDY setup 
and hold time requirements. But the 82C284 asynchronous 
ready input (ARDY) is designed to accept such signals. The 
ARDY input is sampled at the beginning of each Tc cycle by 
82C284 synchronization logic. This provides one system 
CLK cycle time to resolve its value before broadcasting it to 
the bus master and bus controller. 


ARDY or ARDYEN must be HIGH at the end of Ts. ARDY 
cannot be used to terminate the bus cycle with no wait 
states. 


Each ready input of the 82C284 has an enable pin (SGRDYEN 
and ARDYEN) to select whether the current bus operation 
will be terminated by the synchronous or asynchronous 
ready. Either of the ready inputs may terminate a bus opera- 
tion. These enable inputs are active low and have the same 
timing as their respective ready inputs. Address decode logic 
usually selects whether the current bus operation should be 
terminated by ARDY or SRDY. 


Data Bus Control 


Figures 25, 26, and 27 show how the DT/R, DEN, data bus, 
and address signals operate for different combinations of 
read, write, and idle bus operations. DT/R goes active (LOW) 
for a read operation. DT/R remains HIGH before, during, and 
between write operations. 


The data bus is driven with write data during the second 
phase of Ts. The delay in write data timing allows the read 
data drivers, from a previous read cycle, sufficient time to 
enter three-state OFF before the 80C286 CPU begins driv- 
ing the local data bus for write operations. Write data will 
always remain valid for one system clock past the last Tc to 
provide sufficient hold time for Multibus or other similar 
memory or I/O systems. During write-read or write-idle 
sequences the data bus enters a high impedance state dur- 
ing the second phase of the processor cycle after the last 
Tc. In a write-write sequence the data bus does not enter a 
high impedance state between Tc and Ts. 


Bus Usage 


The 80C286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus mas- 
ters, instruction fetching, processor extension data trans- 
fers, interrupt acknowledge, and halt/shutdown. This 
section describes local bus activities which have special 
signals or requirements. Note that I/O transfers take place 
in exactly the same manner as memory transfers (i.e. to the 
80C286 the timing, etc. of an |/O transfer is identical to a 
memory transfer). 


HOLD and HLDA 


HOLD and HLDA allow another bus master to gain control of 
the local bus by placing the 80C286 bus into the Ty state. The 
sequence of events required to pass control between the 
80C286 and another local bus master are shown in Figure 28. 


In this example, the 80C286 is initially in the Ty state as 
signaled by HLDA being active. Upon leaving Ty, as sig- 
naled by HLDA going inactive, a write operation is started. 
During the write operation another local bus master 
requests the local bus from the 80C286 as shown by the 
HOLD signal. After completing the write operation, the 
80C286 performs one T, bus cycle, to guarantee write data 
hold time, then enters Ty as signaled by HLDA going 
active. 


The CMDLY signal and ARDY ready are used to start and 
stop the write bus command, respectively. Note that SRDY 
must be inactive or disabled by SRDYEN to guarantee ARDY 
will terminate the cycle. 


HOLD must not be active during the time from the leading 
edge of RESET until 34 CLKs following the trailing edge of 
RESET unless the 80C286 is in the Halt condition. To 
ensure that the 80C286 remains in the Halt condition until 
the processor Reset operation is complete, no interrupts 
should occur after the execution of HLT until 34 CLKs after 
the trailing edge of the RESET pulse. 


LOCK 


The CPU asserts an active lock signal during Interrupt- 
Acknowledge cycles, the XCHG instruction, and during 
some descriptor accesses. Lock is also asserted when the 
LOCK prefix is used. The LOCK prefix may be used with 
the following ASM-286 assembly instructions; MOVS, INS 
and OUTS. For bus cycles other than Interrupt-Acknowl- 
edge cycles, Lock will be active for the first and subsequent 
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cycles of a series of cycles to be locked. Lock will not be 
shown active during the last cycle to be locked. For the 
next-to-last cycle, Lock will become inactive at the end of 
the first To regardless of the number of wait states 
inserted. For Interrupt-Acknowledge cycles, Lock will be 
active for each cycle, and will become inactive at the end of 
the first Tc for each cycle regardless of the number of wait- 
states inserted. 


Instruction Fetching 


The 80C286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity is called 
prefetching. It occurs when the local bus would otherwise be 
idle and obeys the following rules: 


A prefetch bus operation starts when at least two bytes of 
the 6-byte prefetch queue are empty. 


The prefetcher normally performs word prefetches indepen- 
dent of the byte alignment of the code segment base in 
physical memory. 


MEMORY CYCLE N - 1 


o1 | 92 


The prefetcher will perform only a byte code fetch operation 
for control transfers to an instruction beginning on a numeri- 
cally odd physical address. 


Prefetching stops whenever a control transfer or HLT instruc- 
tion is decoded by the IU and placed into the instruction 
queue. 


In real address mode, the prefetcher may fetch up to 6 bytes 
beyond the last control transfer or HLT instruction in a code 
segment. 


In protected mode, the prefetcher will never cause a seg- 
ment overrun exception. The prefetcher stops at the last 
physical memory word of the code segment. Exception 13 
will occur if the program attempts to execute beyond the last 
full instruction in the code segment. 


If the last byte of a code segment appears on an even physi- 
cal memory address, the prefetcher will read the next physi- 
cal byte of memory (perform a word code fetch). The value 
of this byte is ignored and any attempt to execute it causes 
exception 13. 


MEMORY CYCLE N 


Ts — Tc —— So Ts _— ~o Tc — te 


o1 | 92 o1 | 92 o1 | 92 o1 | 92 
CLK \ 
PROC 


[EQ AY 


VALID ADDR TKK vain anon _——«S KK Y?:CVALIDADDR 


NNN 


Az3 - Ao 

SADY KROQ AA 
READY (SEE NOTE 8) _ 
- 


NOTES: 

8. SRDYEN is active low. 

9. If SRDYEN is high, the state of SRDY will not effect READY. 
10. ARDYEN is active low. 


NINN 


(SEE NOTE 9) 


CRW 


(SEE NOTE 10) 


FIGURE 24. SYNCHRONOUS AND ASYNCHRONOUS READY 
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READ CYCLE WRITE CYCLE 


——— Ty a Ts ee Tc a Ts aa ames Tc eer eee Ty — 
| 92 o1 | 62 o1 | 2 o1 | 92 o1 | 92 


o1 | 92 


CLK | 7 A . Z - ‘, i 
Aaa Mo KC vat appr | __—=«CKK | _VALIADOR — 
- UL TF 
Djg-Dp "See eee eee 1 KC / VALID WRITE DATA_/ Dy) = = 
. VALID 
_ \_/ 
7“ yy = 
DT/R 
FIGURE 25. BACK TO BACK READ-WRITE CYCLE 
WRITE CYCLE READ CYCLE 
—T, — oo Ts eiaian| aia Tc a? on Ts —— Tc —_— Ty _— 
| 92 1 | 92 o1 | 92 o1 | 2 o1 | 92 o1 | 2 
CLK N\ - 7 Ny. - - ; - be - ~ i 
Azs-Aot ANY QY es KASS 
$0 °Si = - 


DEN 


DT/R 


FIGURE 26. BACK TO BACK WRITE-READ CYCLE 
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WRITE CYCLE N-1 


WRITE CYCLE N 


—— T) a Ts a Tc a _ ny i a i Ti — 


| 92 o1 | 02 o1 | 92 


CLK ro ors 


—— 


vo i SS S 


oe hy * Sse ss Toe 


DEN 


DT/R 


JL, DATA N-1 te 


2 o1 | 92 


_ i aan PAY 


SSCA ATA __ Sy -/+ 


(HIGH) 


FIGURE 27. BACK TO BACK WRITE-WRITE CYCLE 


Processor Extension Transfers 


The processor extension interface uses I/O port addresses 
OOF8(H), and OOFC(H) which are part of the I/O port address 
range reserved by Harris. An ESC instruction with Machine 
Status Word bits EM = 0 and Ts = 0 will perform I/O bus 
operations to one or more of these I/O port addresses inde- 
pendent of the value of IOPL and CPL. 


ESC instructions with memory references enable the CPU to 
accept PEREQ inputs for processor extension operand 
transfers. The CPU will determine the operand starting 
address and read/write status of the instruction. For each 
operand transfer, two or three bus operations are performed, 
one word transfer with I/O port address OOFA(H) and one or 
two bus operations with memory. Three bus operations are 
required for each word operand aligned on an odd byte 
address. 


Interrupt Acknowledge Sequence 


Figure 29 illustrates an interrupt acknowledge sequence per- 
formed by the 80C286 in response to an INTR input. An 
interrupt acknowledge sequence consists of two INTA bus 
operations. The first allows a master 82C59A Programmable 
Interrupt Controller (PIC) to determine which if any of its 
slaves should return the interrupt vector. An eight bit vector 
is read on Dg-D7 of the 80C286 during the second INTA bus 
operation to select an interrupt handler routine from the 
interrupt table. 


The Master Cascade Enable (MCE) signal of the 82C288 is 
used to enable the cascade address drivers during INTA bus 
operations (See Figure 29) onto the local address bus for 
distribution to slave interrupt controllers via the system 
address bus. The 80C286 emits the LOCK signal (active 
LOW) during Ts of the first INTA bus operation. A local bus 
“hold” request will not be honored until the end of the second 
INTA bus operation. 


Three idle processor clocks are provided by the 80C286 
between INTA bus operations to allow for the minimum INTA 
to INTA time and CAS (cascade address) out delay of the 
82C59A. The second INTA bus operation must always have 
at least one extra Tc state added via logic controlling 
READY. Ag3-Ao are in three-state OFF until after the first Tc 
state of the second INTA bus operation. This prevents bus 
contention between the cascade address drivers and CPU 
address drivers. The extra Tc state allows time for the 
80C286 to resume driving the address lines for subsequent 
bus operations. 
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BUS HOLD ACKNOWLEDGE WRITE CYCLE APTONA CeGe 
BUS CYCLE TYPE. |<—£_——________> 
TH TH te a Tala tala tala telat Ga 
o1 Ye | o1 i 61 | 62 of | 62 Lot 1 o2 101 | 62 Lot 1 o2 1o1 | 62 01 | 92 
CLK 
HOLD (SEE NOTE Zy (SEE NOTE 16) 
HLDA 
(SEE NOTE 11) (SEE NOTE 11) 
FS St ssanenes 
Oo 
wi gas (SEE NOTE 12) 
MIO, =sseseeeeeseeene€ VAD >>> o75tt898" 
COD/INTA 
(SEE NOTE 13) 
BHE, LOCK «ssseeeeeeeeeeeee \VALID >>>) 2p st 
F NOT READY NOT READY (SEE NOTE 17) 
S| smpven WLLLLLLLLLLLLLLLLLLLLLP NLL WLLL 
NOT READY NOT READY READY 
WY VIII ISLILLLL A LAL LL L4eOhMLL LL £0 00102 XL LL LL L000 lle ee 
DELAY ENABLE (SEE NOTE 17) 
MWTC 
© VOH 
S DT/R 
DEN LL 
ALE eerie Nemmmmmmmmmmenmnnmnmnmmenernseaese apa 
Ts - STATUS CYCLE 
Tc - COMMAND CYCLE 
NOTES: 


11. 
12, 


13. 


14. 
15. 
16. 


17. 


Status lines are held at a high impedance logic one by the 80C286 during a HOLD state. 


Address, M/IO and COD/INTA may start floating during any Tc depending on when internal 80C286 bus arbiter decides to release bus 
to external HOLD. The float starts in 92 of Tc. 


BHE and LOCK may start floating after the end of any Tc depending on when internal 80C286 bus arbiter decides to release bus to 
external HOLD. The float starts in 91 of Tc. 


The minimum HOLD to HLDA time is shown. Maximum is one Ty longer. 
The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 


The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine state (i.e., 
Interrupts, Waits, Lock, etc.). 


Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state 
is ignored after ready is signaled via the asynchronous input. 


FIGURE 28. MULTIBUS WRITE TERMINATED BY ASYNCHRONOUS READY WITH BUS HOLD 
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Local Bus Usage Priorities 


The 80C286 local bus is shared among several internal units 
and external HOLD requests. In case of simultaneous 
requests, their relative priorities are: 


(Highest) Any transfers which assert LOCK either explic- 

; itly (via the LOCK instruction prefix) or implic- 
itly (i.e. some segment descriptor accesses, an 
interrupt acknowledge sequence, or an XCHG 
with memory). 


The second of the two byte bus operations 
required for an odd aligned word operand. 


The second or third cycle of a processor exten- 
sion data transfer. 


Local bus request via HOLD input. 


Processor extension data operand transfer via 
PEREQ input. 


Data transfer performed by EU as part of an 
instruction. 


(Lowest) An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor clocks 
in advance of any data transfers to minimize 


waiting by the EU for a prefetch to finish. 


Halt or Shutdown Cycles 


The 80C286 externally indicates halt or shutdown conditions 
as a bus operation. These conditions occur due to a HLT 
instruction or multiple protection exceptions while attempting 
to execute one instruction. A halt or shutdown bus operation 
is signalled when S7, Sp and COD/INTA are LOW and M/IO 
is HIGH. A; HIGH indicates halt, and A; LOW indicates 
shutdown. The 82C288 bus controller does not issue ALE, 
nor is READY required to terminate a halt or shutdown bus 
operation. 


During halt or shutdown, the 80C286 may service PEREQ or 
HOLD requests. A processor extension segment overrun 
during shutdown will inhibit further service of PEREQ. Either 
NMI or RESET will force the 80C286 out of either halt or 
shutdown. An INTR, if interrupts are enabled, or a processor 
extension segment overrun exception will also force the 
80C286 out of halt. 


System Configurations 


The versatile bus structure of the 80C286 micro-system, with 
a full complement of support chips, allows flexible configura- 
tion of a wide range of systems. The basic configuration, 
shown in Figure 30, is similar to an 80C86 maximum mode 
system. It includes the CPU plus an 82C59A interrupt con- 
troller, 82C284 clock generator, and the 82C288 Bus Con- 
troller. The 80C86 latches (82C82 and 82C83H) and 
transceivers (82C86H and 82C87H) may be used in an 
80C286 microsystem. 


As indicated by the dashed lines in Figure 30, the ability to 
add processor extensions is an integral feature of 80C286 
based microsystems. The processor extension interface 
allows external hardware to perform special functions and 
transfer data concurrent with CPU execution of other instruc- 
tions. Full system integrity is maintained because the 
80C286 supervises all data transfers and instruction execu- 
tion for the processor extension. 


An 80C286 system which includes the 80287 numeric proces- 
sor extension (NPX) uses this interface. The 80C286/80287 
system has all the instructions and data types of an 80C86 or 
80C88 with 8087 numeric processor extension. The 80287 
NPX can perform numeric calculations and data transfers 
concurrently with CPU program execution. Numerics code 
and data have the same integrity as all other information pro- 
tected by the 80C286 protection mechanism. 


The 80C286 can overlap chip select decoding and address 
propagation during the data transfer for the previous bus 
operation. This information is latched into the 82C82/83H's 
by ALE during the middle of a Ts cycle. The latched chip 
select and address information remains stable during the 
bus operation while the next cycle's address is being 
decoded and propagated into the system. Decode logic can 
be implemented with a high speed PROM or PAL. 


The optional decode logic shown in Figure 30 takes advan- 
tage of the overlap between address and data of the 80C286 
bus cycle to generate advanced memory and |/O select sig- 
nals. This minimizes system performance degradation 
caused by address propagation and decode delays. In addi- 
tion to selecting memory and I/O, the advanced selects may 
be used with configurations supporting local and system 
buses to enable the appropriate bus interface for each bus 
cycle. The COD/INTA and MAO signals are applied to the 
decode logic to distinguish between interrupt, I/O, code, and 
data bus cycles. 


By adding the 82289 bus arbiter chip the 80C286 provides a 
Multibus system bus interface as shown in Figure 31. The 
ALE output of the 82C288 for the Multibus bus is connected to 
its CMDLY input to delay the start of commands one system 
CLK as required to meet Multibus address and write data 
setup times. This arrangement will add at least one extra Tc 
state to each bus operation which uses the Multibus. 


A second 82C288 bus controller and additional latches and 
transceivers could be added to the local bus of Figure 31. 
This configuration allows the 80C286 to support an on-board 
bus for local memory and peripherals, and the Multibus for 
system bus interfacing. 
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INTA CYCLE 1 INTA CYCLE 2 


BUS CYCLE | Ts | Te | T | Tc Ts 
TYPE ac _ se o1 | 92 i te alas a ai te aie o1 | 62 01 | 62 


———e 
V/4444, 


copinty I~ een 


: Oe ee a ee te ae 
we CALLE, III 
me a 7 
i a a, arrrn i 
NOTES 


18. Data is ignored. 
19. First INTA cycle should have at least one wait state inserted to meet 82C59A minimum INTA pulse width. 


20. Second INTA cycle must have at least one wait state inserted since the CPA will not drive Ao3-Ao, BHE, and LOCK until after the first Tc 
State. The CPU imposed one/clock delay prevents has contention between cascade address buffer being disabled by MCE J and ad- 
dress outputs. 


21. Without the wait state, the 80C286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 
82C59A also requires one wait state for minimum INTA pulse width. 


22. LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi-master system. LOCK 
is also active for the second INTA cycle. 


23. Ag3-Ao exits three-state OFF during $2 of the second Tc in the INTA cycle. 
FIGURE 29. INTERRUPT ACKNOWLEDGE SEQUENCE 
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Absolute Maximum Ratings Thermal Information 
A VON ooo odo HEE o Sete Hou wET NaN es hE yeuer TRS +8.0V. Thermal Resistance (Typical) 8ja (CC/W) 8jc (°C/W) 
Input, Output or I/O Voltage Applied..... GND -1.0V to Vcc +1.0V PDIP Package...............0005 35 6 
Storage Temperature Range ................. -65°C to +150°C CERDIP Package ................ 33 9 
Junction Temperature, Pe wcae ke owe eee wee ed be +175°C Maximum Package Power Dissipation 
PL gsc taba atea ties teponehenceeupeecatsc es +150°C POA PORAOe canccctattnmidhesxtnanetucmanauanes 1.22W 
Lead Temperature (Soldering, 10s) ................... +300°C PEC PORSMUE o5iedaudennann eee cundsaewantna had es 2.2W 
(PLCC - Lead Tips Only) CROCE occ edem nes dan 6nd endecdhandens enews ae 22,500 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range Operating Temperature Range 
BOC2ZOG-10, 12) ax cccrcaacienivnvasewsse vs +4.5V to +5.5V I80C286-10, -12, -16,-20 .................. -40°C to +85°C 
80C286-16, -20,-25 .. 0... eee eee +4.75V to +5.25V C80C286-12, =16, +20, 25.0 ccs ceescersavewens 0°C to +70°C 


DC Electrical Specifications Voc = +5V + 10%, Ta = 0°C to +70°C (C80C286-12), Voc = +5V + 5%, Ta = 0°C to +70°C 
(C80C286-16, -20, -25), Voc = +5V + 10%, Ta = -40°C to +85°C (I80C286-10, -12), Veo = +5V + 5%, 
Ta = -40°C to +85°C (I80C286-16, -20) 


SYMBOL PARAMETER | MAX | UNITS TEST CONDITIONS 


Input LOW Voltage 
Voc +0.5 


| VI Input HIGH Voltage 


CLK Input LOW Voltage 
CLK Input HIGH Voltage 
Output LOW Voltage 


Output HIGH Voltage I 
Vcc -0.4 
a Input Leakage Current 10 
5 


Voc +0.5 
lo. = 2.0mMA 


Ww 
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oO 


IOH = -2.0MA, IOH = -100HA 


Pins 29, 31, 57, 59, 61, 63-64 
Vin = GND (See Note 28) 


= 
2 
Q 
Zz 
S) 
° 
< 
Q 
eo) 


Vin = 1.0V (See Note 24) 
Vin = 3.0V (See Note 25) 


IsH Input Sustaining Current on BUSY and -30 
ERROR Pins 
Input Sustaining Current LOW 38 
Input Sustaining Current HIGH 


Le 
| IH a 
SI naa Bl 
ee 
ae 
oe 
_s 
_as 


< 
Oo 
G) 
ra 
Oo 
Q 
< 
2) 
?) 


Pins 1, 7-8, 10-28, 32-34 
mA 80C286-10 (See Note 27) 
A 80C286-12 (See Note 27) 
mA 80C286-16 (See Note 27) 
mA 80C286-20 (See Note 27) 
mA 80C286-25 (See Note 27) 
mA See Note 26) 


IccoPp Active Power Supply Current 18 


3 


410 


Capacitance Tp, = +25°C, All Measurements Referenced to Device GND 


TEST CONDITIONS 
[Gaix [OK InptGapactancs OC PREQ= IW 

[Cw [OtRerinputGapactancs TT OT 
[Gio *[WOCapactancs | OC OT 
NOTES: 

24. Ipy, should be measured after lowering Vij, to GND and then raising to 1.0V on the following pins: 36-51, 66, 67. 

25. IBHH Should be measured after raising Vix to Vcc and then lowering to 3.0V on the following pins: 4-6, 36-51, 66-68. 

26. Iocsp tested with the clock stopped in phase two of the processor clock cycle. Vij, = Vcc or GND, Voc = Vcc (Max), outputs unloaded. 


27. Iocop Measured at 10MHz for the 80C286-10, 12.5MHz for the 80C286-12, 16MHz for the 80C286-16, 20MHz for the 80C286-20, and 
25MHz for the 80C286-25. Vin, = 2.4V or 0.4V, Voc = Voc (Max), outputs unloaded. 


28. Isy should be measured after raising Vij, to Voc and then lowering to GND on pins 53 and 54. 
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AC Electrical Specifications Voc = +5V +10%, Ta = 0°C to +70°C (C80C286-12), Ta = -40°C to +85°C (180C286-10, -12) 
Voc = +5V +5%, Ta = 0°C to +70°C (C80C286-16), Ta = -40°C to +85°C (I80C286-16) AC Timings 
are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Data Sheet Waveforms, 


Unless Otherwise Specified 
TEST 
SYMBOL PARAMETER UNIT CONDITION 


TIMING REQUIREMENTS 

System Clock (CLK) Period 

2 System Clock (CLK) LOW Time 
3 System Clock (CLK) HIGH Time 
17 System Clock (CLK) RISE Time 
18 System Clock (CLK) FALL Time 


Ww 
—_ 


— 
—_ 
— 


—_ 


1.0V to 3.6V 


Note 29) 
Note 29) 


Asynchronous Inputs SETUP Time 


2 wo} = 
- oon aa?) 
(eo) <ij< 
ro) 
< 


Asynchronous Inputs HOLD Time 
RESET SETUP Time 

RESET HOLD Time 

Read Data SETUP Time 

Read Data HOLD Time 

READY SETUP Time 

READY HOLD Time 

Input RISE/FALL Times 

TIMING RESPONSES 


; 
a 


NOTES: 


29. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 


30. Delay from 1.0V on the CLK to 0.8V or 2.0V. 
31. Output load: Cy = 100pF. 


32. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 0.8V or status going inactive reaching 
2.0V. 


33. Delay from 1.0V on the CLK to Float (no current drive) condition. 

34. Delay from 1.0V on the CLK to 0.8V for min. (HOLD time) and to 2.0V for max. (inactive delay). 
35. Delay from 1.0V on the CLK to 2.0V for min. (HOLD time) and to 0.8V for max. (active delay). 
36. Delay from 1.0V on the CLK to 2.0V. 
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1, (Notes 31, 35) 
1, (Notes 31, 34) 
1, (Notes 30, 31) 
1, (Notes 30, 31) 
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1, (Notes 31, 36) 
1, (Notes 31, 32) 
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AC Test Conditions 


TEST CONDITION I, (CONSTANT CURRENT SOURCE) 


-6MA (Vop to Float) 100pF 
8mA (Vo, to Float) 
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AC Electrical Specifications Vcc = +5V +5%, Ta = 0°C to +70°C (C80C286-20, -25), Ta = -40°C to +85°C (I80C286-20) 
AC Timings are Referenced to the 1.5V Point of the Signals as Illustrated in Data Sheet Waveforms, 
Unless Otherwise Specified 
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NOTES: 


37. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 


38. Delay from 1.0V on the CLK to 1.5V. 

39. Output load: Cy, = 100pF. 

40. Delay measured from address reaching 1.5V to status reaching 1.5V. 
41. Delay from 1.0V on the CLK to Float (no current drive) condition. 

42. Delay from 1.0V on the CLK to 1.5V. 


2A 
2B 
13 
14 
15 
16 
19 


AC Test Conditions 


TEST CONDITION I, (CONSTANT CURRENT SOURCE) 


a -6MA (Vo to Float) 100pF 
8mA (Vo, to Float) 
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AC Specifications (continued) 


4.0V 


CLK INPUT 


0.45V 


4.0V 


CLK INPUT 


0.45V 


2.4V 


OTHER 
DEVICE 
INPUT 


0.4V 


DEVICE 
OUTPUT 


C80C86-12, -16 
180C286-10, -12, -16 
AC DRIVE AND MEASURE POINTS - CLK INPUT 


3.6V 3.6V 


1.0V 1.0V 


\ 


<— tpELay (MAX)——> 


NOTE: For AC testing, input rise and fall times are driven at 1ns per volt. 


FIGURE 32. 
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AC Specifications (Continued) 


C80C286-20, -25 
180C 286-20 
AC DRIVE AND MEASURE POINTS - CLK INPUT 


4.0V 


CLK INPUT 


0.45V 


4.0V 
3.6V 3.6V 


CLK INPUT 


0.45V 


Wr GY 


A 0.8V 4p: 


0.4V ‘ 


CMOS 
uPROCESSORS 


a= ne sa 


DEVICE 


OUTPUT — 


NOTE: Typical Output Rise/Fall Time is 6ns. For AC testing, input rise and fall times are driven at 1ns per volt. 
FIGURE 33. 
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AC Electrical Specifications 820284 and 82C288 Timing Specifications are given for reference only and no guarantee is implied. 


82C284 Timing 


TIMING REQUIREMENTS 


[a  [peovaroensaptme TT] s]-];°,-[=] 
[2 farorenovenvactme [= {-fet-|[+{-,=| 


I OO 
I 


TIMING RESPONSES 


— Tae 


NOTE: 
43. These times are given for testing purposes to ensure a predetermined action. 


82C288 Timing 


a 
TIMING REQUIREMENTS 
= earecee eT eT ee 
c= 
TIMING RESPONSES 
—— 
— 


2 

ES 
fe 

Ac 

12 jee | 

ce 

a 

Acs 

ices 

AES 


TEST 
CONDITION 


_— 
Oo 


My MT] PY 
—f —|f WwW 


N 
W 


ine) _— 
Oo © 


N 


NOTE: 


44. These times are given for testing purposes to ensure a predetermined action. 


nN 
Ww 


DEN Read Active Delay 
DEN Read Inactive Delay 
C. = 300pF 


DT/R Read Inactive Delay 
lot = 32mA Max 


Le) 
— 
or 
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Waveforms 
READ CYCLE WRITE CYCLE 
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ 
BUS WAIT STATES WAIT STATE (Ts OR Ts) 
CYCLE TYPE T @ Ts Te Ts Tc Tc 


—»> (3)< 
CE: 


2 o1 2 o1 
oy 
Vo. eo = af 
— ue — 
® ‘®) “| 


MAO, COD, SS The WS, anne NS eet S Ct Ts 


80C286 


—!@ _ 
BRE,LOCK FASS ati conrtor DY Erste —e = 


© 
© 
i | VALID WRITE DATA |) 


READY DOSS AYA 


om 
® 
SADY+SRDYEN BOO OOD ASQAaMASAAMA’ MAM AAAS 


82C284 


ARDY + ARDYEN = 


(19) 
PLCK 
STAT 
ALE 
“et 
ANAAAAAN 


CMDLY ROSS — NANA 
MRDC 


DT/R 


82C288 


FIGURE 34. MAJOR CYCLE TIMING 
NOTE: The modified timing is due to the CMDLY signal being active. 
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Waveforms (Continued) 


BUS CYCLE TYPE 


CLK 
CLK 


PCLK 


(SEE NOTE 47) RESET 


INTR, NMI 
HOLD, PEREQ 


(SEE NOTE 45) CLK 


ERROR, BUSY 
(SEE NOTE 4s) L 


RESET 


FIGURE 35. 80C286 ASYNCHRONOUS INPUT SIGNAL TIMING FIGURE 36. 80C286 RESET INPUT TIMI G AND SUBSEQUENT 
NOTES: PROCESSOR CYCLE PHASE 


45. 


46. 


80C286 


80C284 


PCLK indicates which processor cycle phase will occur on the NOTE: 
next CLK, PCLK may not indicate the correct phase until the first 47. When RESET meets the setup time shown, the next CLK will 
cycle is performed. start or repeat 01 of a processor cycle. 


These inputs are asynchronous. The setup and hold times 
shown assure recognition for testing purposes. 


BUS 
CYCLE i TH 7 7 T T TH 
62 


HLDA 


au... SEE NOTE 50) 
ST -S0 


ra rie 


CLK® ® ® 8 88 8 #8 & = =| 
- IF NP¥ TRANSFER 


BHE, LOCK ® @) 


Ao3 - Ao; (SEE NOTE 52) 


COD/INTA (SEE NOTE 49) 


(SEE NOTE 50) 


but; Oe eee weweeeees Go lee KKK ee 


VALID IF WRITE 


FIGURE 37. EXITING AND ENTERING HOLD 


NOTES: 


48. 
49. 
50. 
51. 
52. 
53. 


These signals may not be driven by the 80C286 during the time shown. The worst case in terms of latest float time is shown. 
The data bus will be driven as shown if the cycle before T, in the diagram was a write Tc. 

The 80C286 puts its status pins in a high impedance logic one state during Ty. 

For HOLD request set up to HLDA, refer to Figure 29. 

BHE and LOCK are driven at this time but will not become valid until Ts. 

The data bus will remain in a high impedance state if a read cycle is performed. 
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Waveforms (Continued) 


BUS 
CYCLE TYPE 
T Ts Te Ts Tc Ty 
Vou | 02 ot 2 |G ot $2 ot 62 ot 
CLK 
Ve O MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 
RY TO PROC. EXT. { VO WRITE IF MEMORY TO PROC. EXT. 
S1¢S0 
MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER VO PORT 
ADDRESS 00FA(H) IF MEMORY TO PROC. EXT. TRANSFER 
A23 - AO 
COD INTA VO PORT ADDRESS O0FA(h) IF PROC. EXT. TO MEMORY TRANSFER 
MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 
PEACK 


PEREQ 


EEE LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LL 


ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80C286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY 
CYCLES. 


FIGURE 38. 80C286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 
NOTES: 
54. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus opera- 
tion will be either a memory read at operand address or I/O read at port address OOFA(H). 
55. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is 


3X @) - 12Amax - (4) min. The actual configuration dependent, maximum time is: 3 x q) - 12AMaAx - @ min +Nx2x Q). N is the 
number of extra Tc states added to either the first or second bus operation of the processor extension data operand transfer sequence. 


BUS 
CYCLE TYPE 


Vou o1 2 


“AGAR AL 


reset JT _| | arteast | | GEE NOTES) 


16 CLK PERIODS bacon. EF. 
UNKNOWN 
PEACK 
enn Olas 
Aoq- Spemremcenrrnmsevesic sms: 
“ UNKNOWN | rrrcllm |S lcd 
a (C),. 
UNKNOWN | 
_— CAO. 
LOCK UNKNOWN _ eee 


_— (is) (SEE NOTE 58) 
pata WLLL SG 
(16) ee - 


HLDA UNKNOWN ; 


FIGURE 39. INITIAL 80C286 PIN STATE DURING RESET 
NOTES: 


56. Setup time for RESET T may be violated with the consideration that 1 of the processor clock may begin one system CLK period later. 
57. Setup and hold times for RESET J must be met for proper operation, but RESET J may occur during 91 or $2. 
58. The data bus is only guaranteed to be in a high impedance state at the time shown. 
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Waveforms (Continued) 


BYTE 1 BYTE 2 BYTE 3 
76543210765 43210 
= ae ee ae ee - 
BLE EEE cciismemas 
OPCODE 
ocd i ae : 


i 
HIGH DISP/DATA 1 
I 


| LL REGISTER OPERAND REGISTERS TO USE IN OFFSET CALCULATION 


REGISTER OPERAND/EXTENSION OF OPCODE 

REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH 
WORD/BYTE OPERATION 

DIRECTION IS TO REGISTER DIRECTION IS FROM REGISTER 
OPERATION (INSTRUCTION) CODE 


FIGURE 40A. SHORT OPCODE FORMAT EXAMPLE 


BYTE 1 BYTE 2 BYTE 3 
7654321076543210765 43210 


LONG OPCODE 


FIGURE 40B. LONG OPCODE FORMAT EXAMPLE 
FIGURE 40. 800286 INSTRUCTION FORMAT EXAMPLES 


80C286 Instruction Set Summary 


Instruction Timing Notes 


The instruction clock counts listed below establish the maxi- 
mum execution rate of the 80C286. With no delays in bus 
cycles, the actual clock count of an 80C286 program will 
average 5% more than the calculated clock count, due to 
instruction sequences which execute faster than they can be 
fetched from memory. 


To calculate elapsed times for instruction sequences, multi- 
ply the sum of all instruction clock counts, as listed in the 
table below, by the processor clock period. An 12.5MHz pro- 
cessor clock has a clock period of 80 nanoseconds and 
requires an 80C286 system clock (CLK input) of 25MHz. 


Instruction Clock Count Assumptions 


1. The instruction has been perfected, decoded and is 
ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 


2. Bus cycles do not require wait states. 


3. There are no processor extension data transfer or local 
bus HOLD requests. 


4. No exceptions occur during instruction execution. 


Instruction Set Summary Notes 


Addressing displacements selected by the MOD field are not 
shown. If necessary they appear after the instruction fields 
shown. 


Above/below refers to unsigned value. 

Greater refers to more positive signed values. 

Less refers to less positive (more negative) signed values 

if d = 1, then “to” register; if d = 0 then “from” register 

if w = 1, then word instruction; if w = 0, then byte instruction 
if s = 0, then 16-bit immediate data form the operand 


if s = 1, then an immediate data byte is sign-extended to 
form the 16-bit operand 


x don’t care 
z used for string primitives for comparison with ZF FLAG 


If two clock counts are given, the smaller refers to a register 
operand and the larger refers to a memory operand 


* = add one clock if offset calculation requires summing 3 
elements 


n = number of times repeated 
m = number of bytes of code in next instruction 
Level (L) - Lexical nesting level of the procedure 


The following comments describe possible exceptions, side 
effects and allowed usage for instructions in both operating 
modes of the 80C286. 
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Real Address Mode Only 


1. This is a protected mode instruction. Attempted execu- segment not-present violation occurs, a stack exception 
tion in real address mode will result in an undefined (12) occurs. 


Speeds Sxeeplan: XG). 11. All segment descriptor accesses in the GDT or LDT made 


2. Asegment overrun exception (13) will occur if a word by this instruction will automatically assert LOCK to main- 
operand references at offset FFFF(H) is attempted. tain descriptor integrity in multiprocessor systems. 


3. This instruction may be executed in realaddress modeto 12. JMP CALL, INT, RET, IRET instructions referring to 
initialize the CPU for protected mode. another code segment will cause a general protection 


4. The IOPL and NT fields will remain 0. exception (13) if any privilege rule is violated. 
5. Processor extension segment overrun interrupt (9) will Tes ENERO eRe ant CAR OR EUS a er heey 
occur if the operand exceeds the segment limit. 14. A general protection exception (13) occurs if CPL > IOPL. 


Either Mode 15. The IF field of the flag word is not updated if CPL > IOPL. 


The IOPL field is updated only if CPL = 0. 
6. An exception may occur, depending on the value of the 


operand. 16. Any violation of privilege rules as applied to the selector 
operand does not cause a protection exception; rather, 
7, LOCK is automatically asserted regardless of the pres- the instruction does not return a result and the zero flag 
ence or absence of the LOCK instruction prefix. is cleared. 
8. LOCK does not remain active between all operand 17. If the starting address of the memory operand violates a 
transfers. segment limit, or an invalid access is attempted, a gen- 


eral protection exception (13) will occur before the ESC 


Protected Virtual Address Mode Only instruction is executed. A stack segment overrun excep- 


9. A general protection exception (13) will occur if the mem- tion (12) will occur if the stack limit is violated by the 
ory operand cannot be used due to either a segment operand’s starting address. If a segment limit is violated 
limit or access rights violation. If a stack segment limit is during an attempted data transfer then a processor 
violated, a stack segment overrun exception (12) occurs. extension segment overrun exception (9) occurs. 

10. For segment load operations, the CPL, RPL and DPL 18. The destination of an INT, JMP, CALL, RET or IRET 
must agree with privilege rules to avoid an exception. instruction must be in the defined limit of a code segment 
The segment must be present to avoid a not-present or a general protection exception (13) will occur. 


exception (11). If the SS register is the destination and a 


80C286 Instruction Set Summary 


CLOCK COUNT COMMENTS 


PROTECTED 
VIRTUAL 


PROTECTED 
VIRTUAL 


MODE 


eS 2,3 
(Note 59) (Note 59) 

2,5 2,9 
(Note 59) | (Note 59) 

2,3 2,3 
(Note 59) | (Note 59) 


FUNCTION FORMAT MODE 


DATA TRANSFER 


MOV = Move 


Register to Register/Memory 1000100w eae 

Register/Memory to Register | 1000101w ones 

Immediate to Register/Memory | 1100011w | mod 000 Rall 
r/m 


Immediate to Register 1011w reg | data data ifw=1 
1010000w addr-high 
1010001w addr-high 


3 3 


3-115 


CMOS 
uPROCESSORS 


800286 


800286 Instruction Set Summary (continue) 


CLOCK COUNT COMMENTS 
PROTECTED PROTECTED 
VIRTUAL VIRTUAL 
ADDRESS| ADDRESS {ADDRESS} ADDRESS 
FUNCTION FORMAT MODE MODE 


Register/Memory to Segment | 10001110 | mod0O reg 2,5 17, 19 9, 10, 11 
Register r/m (Note 59) (Note 59) 

Segment Register to Regis- 10001100 | mod 0 reg 2,3 2,3 2 

ter/Memory r/m (Note 59) | (Note 59) 


1000011w |mod reg r/m 


& 
on 
& 
on 


mt 


N 
co 


(Note 59) (Note 59) 


10010 reg 


eee ae 
r/m (Note 59) (Note 59) 
a CC) Pet 
cc DT A Pe fe 
SD OC Pe 
POP = Pop 
aa Oa ic Ces) te 

r/m (Note 59) (Note 59) 
a 
Seonenreower ———fowearmfwaront [| = | = | @ [ean 
XCHG = Exchange 

Based | 


D D 
@ @ 
a. Q. 
= z 
= = 
—y © 
>| 2 
> 
oO 
2] = 
3 = 
=i a 
2) @ 
g Q. 
2) 
st 
@ 
= 


. 
- 


= Input From 


1110010w port 


—_ 
> 


1110110w 


<]} 2 
=a 
>} o 
S 
ao} 
vu] a 
° 
= 


a 
m 
> 

| 
c- 
2) 
» 
Qa 
m 
> 
So 
D 
© 
© 
” 
Poe 
o 
| 


O 
= 
= 
I 
O 
= 
no] 
=! 
= 
° 


1110011w port 


1110111w 


<| 7 
5.1 3 
>} a 
= 
©} 9 
Dia 
° 
ro 


Pas 
> 
4 
I 
=, 
i) 
=) 
Q 
= 
© 
Ww 
Ss 
fe) 
So 
> 


11010111 


10001101 


mod reg r/m 


(Note 59) | (Note 59) 


O 
n” 
I 
rm 
co) 
» 
a. 
U 
S. 
3 
a 
© 
x 
S 
Oo 
wn 


11000101 


mod reg r/m} (mod # 11) 9, 10, 11 


(Note 59) 


(Note 59) 


— 
m 
” 
| 
rc 
Oo 
se) 
Qa 
U 
Q. 
= 
oO 
x 
> 
co) 
m 
Ww 


11000100 |mod reg r/m} (mod + 1) 


(Note 59) (Note 59) 


10011111 


=i ai — 
& = & 


= 

> 
as 
n 
- 
fe) 
> 
Q. 
> 
a 
=. 
= 
a 
> 

a 
a 
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CLOCK COUNT COMMENTS 


PROTECTED PROTECTED 


800286 Instruction Set Summary (Continued) 
VIRTUAL VIRTUAL 
ADDRESS} ADDRESS JADDRESS| ADDRESS 


FUNCTION FORMAT MODE MODE 


ARITHMETIC 


ADD = Add 


Reg/Memory with Register to | 000000dw |mod reg r/m 2,7 2,7 
Either (Note 59) | (Note 59) 
Immediate to Register/Memory | 100000sw | mod 000 data if 3, 7 3,7 
sw = 01 (Note 59) (Note 59) 
3 


2.7 27 
(Note 59) (Note 59) 
100000sw | mod 010 data if 3, 7 3,7 
sw = 01 (Note 59) (Note 59) 
eatin, 


2,7 2,7 
(Note 59) (Note 59) 


Immediate to Accumulator 0000010w 


fal 


> 
Ss) 
fe) 
| 
> 
Q 
jos 
= 
== 4 
fe) 
» 
< 


Reg/Memory with Register to | 000100dw 


Either 


mod reg r/m 


Immediate to Register/Memory 


Immediate to Accumulator 


fs 


= Increment 


Zz 


1111111w | mod 000 


D D 
(40) tae) 
a. Q. 
i?2) ” 
ae onal 
oO oO 
- =a 
ia 

i) 

cs 

re) 

< 


01000 reg 


ep) 
Cc 
108) 


op) 
f= 
oy 
-- 
= 
© 
° 
- 


Reg/Memory and Register to | 001010dw 
Either 


mod reg r/m 


mod 101 data if ard 3,7 
sw=01 | (Note 59)] (Note 59) 


2,7 2,7 
(Note 59) (Note 59) 
mod 011 data if 3,7 a7 
r/m sw = 01 (Note 59) (Note 59) 
3 


Immediate from Register/Memory} 100000sw 


Immediate from Accumulator 0010110w 


Reg/Memory and Register to 000110dw |mod reg r/m 


Immediate from Register/Memo- | 100000sw 


0001110w 


DEC = Decrement 


1111111w 


01001 reg 


3 
=| 
© 
2. 
se) 
—_- 
Oo 
3 
= 
> 
2) 
2) 
c 
3 
c 
4 
eo) 
x 
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800286 Instruction Set Summary (continued) 


CLOCK COUNT COMMENTS 


AAS = ASCII Adjust for Sub- 
tract 


00111111 


00101111 


zo 
be) 
ab 
ll 
Cc 
=| 8 
S| 23 
i > 
c a 
a | | 
D B 
e| 3 
A eP) 
~ [a 
oe 


= 

Cc 

= 
| 


1111011w | mod 100 


PROTECTED 
VIRTUAL 
FUNCTION FORMAT 
CMP = Compare 
Register/Memory with Register |} 0011101w |mod reg r/m 2,6 2,6 
(Note 59) | (Note 59) 
Register with Register/Memory | 0011100w |mod reg r/m a, 7 a | 
| (Note 59) | (Note 59) 
Immediate with Register/Memo- | 100000sw | mod 111 data if 3,6 3, 6 
ry sw=01 § (Note 59) (Note 59) 
Immediate with Accumulator 0011110w ifw=1 
NEG = Change Sign 1111011w | mod 011 
(Note 59) 
AAA = ASCII Adjust for Add 00110111 
DAA = Decimal Adjust for Add | 00100111 


D 
© 
Q, 
ea 
@ 
108) 
= 
® 


DD 
© 
a. 
n 
+ 
oO 
a 
° 
=x 
a 


_ 
fo) 
_ 


rh 
_ 


9 
< 


1111011w | mod 110 


r/m 


1; 
> 
Q 
@O 
-_ 
ic 
3 
Q. 
io} 
= | 
i] 
= 


D 

® 
7,2 
=. 

@ 
108) 
el 
® 


DD 
is) 
© 
” 
a 
© 
| 
e) 
= 
Qa 


a. 

© 

- 

% 

= 

7) 

S) 
) 
_—s 


—_ 
> 
— 
> 


Qa 
» 
- 
i) 
=e 
= 


Memory - Byte 
(Note 59) (Note 59) 
Memory - Word 24 24 
(Note 59) (Note 59) 
IMUL = Integer Multiply 1111011w | mod 101 
(Signed) 
Memory - Byte 16 16 
(Note 59) | (Note 59) 
Memory - Word 24 24 
(Note 59) | (Note 59) 
IMUL = Interger Immediate 011010s1 |mod reg r/m = 21, 24 21, 24 
Multiply (Signed) (Note 59) (Note 59) 
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50) 
5 
& 
© >) 
=] 
” 
i 
c 
Q 
— 
° 
| 
W 
i") 
Py 
4 
3 
3 
5 
< 
ie) 
° 
= 
3 
r= 
® 
a 


CLOCK COUNT COMMENTS 


PROTECTED PROTECTED 


FUNCTION FORMAT 


Memory - Byte 17 17 
(Note 59) | (Note 59) 

Memory - Word 25 25 
(Note 59) (Note 59) 


= Integer Divide (Signed) 


1111011w | mod 111 
r/m 


BY S) 
Q < 
Q 
© 
Ww 
= 
@o 


7 i Pa ae Ae eee 
Memory - Byte 20 20 
(Note 59) | (Note 59) 
Memory - Word 28 28 
(Note 59) (Note 59) 
CWD = Convert Word to Dou- | 10011001 
ble Word 


LOGIC 


op) 
=. 
= 
D 
fe} 
a 
© 
— 
2 
rm 
2 
= 
= 
7) 


1101000w | mod TTT ae 


(Note 59) (Note 59) 


3 


1101001w | mod TIT 
r/m 


5+n, 8+n 
(Note 59) 


5+n, 8+n 
(Note 59) 


N 
N 


1100000 mod TTT count 
r/m 


5+n, 8+n 5+n, 8+n 
(Note 59) | (Note 59) 


D D DD 
oO oO is 
a. 2. 2. 
nad 2 od 
es} ¢| 
= = = 
oO oO @O 
= = = 
oO e) 2) 
< < < 
lox oe oO 
< < < 
O QO — 
,e) [—- 

Cc 

5 


ROL 


cae 


001 
RCL 
RCR 
100 SHL/SAL 
101 SHR 


111 SAR 


oO 
— 
_ 


2,7 
(Note 59) 


2,7 
(Note 59) 


AND = And 
Reg/Memory and Register to | 001000dw 
Either 


3-119 


CMOS 
uPROCESSORS 


800286 


800286 Instruction Set Summary (continued) 


FUNCTION FORMAT 


Immediate to Register/Memory | 1000000w | mod 100 data if w = 1 3,7 3, 7 
r/m (Note 59) (Note 59) 


TEST = And Function to Flags, No Result 


Register/Memory and Register | 1000010w |mod reg r/m 2,6 2,6 
(Note 59) (Note 59) 

Immediate Data and Regis- 1111011w | mod 000 data if w = 1 3,6 3,6 

ter/Memory r/m (Note 59) (Note 59) 


Reg/Memory and Register to 000010dw |mod reg r/m a 2.7 

Either (Note 59) (Note 59) 

Immediate to Register/Memory | 1000000w | mod 001 data if w= 1 3,7 3,7 
r/m (Note 59) (Note 59) 


XOR = Exclusive or 


Reg/Memory and Register to 001100dw |mod reg r/m 2,7 2,7 
Either (Note 59) (Note 59) 


Immediate to Register/Memory | 1000000w |mod reg r/m data if w= 1 3 
(Note 59 (Note 59) 


ef 
2,7 
(Note 59) 


CLOCK COUNT COMMENTS 


PROTECTED PROTECTED 
VIRTUAL VIRTUAL 
ADDRESS| ADDRESS J{ADDRESS| ADDRESS 
MODE MODE 


NOT = Invert Register/Memory | 1111011w | mod 010 


r/m 


Q 
a} 
-- 
et) 
= 
= 
1 
—_, 


=| 
| 
© 
2. 
© 
—_« 
fe) 
—_ 
co) 
> 
(2) 
(?) 
= 
= | 
= 
> 
pe 
fo) 
= 


MOVS = Move Byte/Word 1010010w | | 
CMPS = Compare Byte/Word | 1010011w rs 


SCAS = Scan Byte/Word 1010111w 


LODS = Load Byte/Word to 1010110w 
AL/AX 

STOS = Store Byte/Word from | 1010101w 
ALV/A 


INS = Input Byte/Word from 0110110w 
DX Port 


Repeated by Count in CX 


3 
7 
3 
5 


9,14 


00 
4: 
on 
pF 
e) 
c 
i = | 
c 
m 
= 
= 
(eo) 
S 
Qa 
rol 


3,7 
) 
ae 


= 
O 
< 
wn 


11110011 | 1010010w 


= 
re) 
< 
© 
oy) 
= 
=| 
a 


es es 
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800286 Instruction Set Summary (continued) 


CLOCK COUNT COMMENTS 
PROTECTED PROTECTED 
VIRTUAL VIRTUAL 
ADDRESS} ADDRESS JADDRESS} ADDRESS 
FUNCTION FORMAT MODE MODE 


pars -mpavre [arn [wore] fem | =m [ae | ae 
peascsonsirg [wn worm] | _pem| =m [ae | ee 
froszemeawe [neon [wom] | pam | am 
pecmeasiea [neon forone| | fem | a 
__ 


9,14 
CONTROL TRANSFER 
CALL = Call 


Direct Within Segment 11101000 | disp-low disp-high ae i 7+m 


Register/Memory Indirect Within} 11111111 mod 010 7+m, 7 +m, 
Segment r/m 11+m 114+m 
(Note 59) | (Note 59) 


Protected Mode Only 
(Direct Intersegment) 


8,9, 18 


11, 12,18 


Via Call Gate to Same 8,11, 12, 18 


Privilege Level 


Via Call Gate to Different 
Privilege Level, No Parameters 


8, 11, T2, 18 


Via Call Gate to Different 
Privilege Level, X Parameters 


S, 11, 12, 18 


Via TSS 


8,11, 12, 18 


Via Task Gate 8, 11, 12, 18 


Indirect Intersegment 11111111 mod 011 mod # 11 16+m 29+m 8.9, 11, 12, 
r/m (Note 59) (Note 59) 18 


Protected Mode Only (Indirect Intersegment) 


44+m 8, 9, 11, 12, 
(Note 59) 18 

83 +m 8,9, 11, 12, 
(Note 59) 18 
90 +4x+m 8, 9, 11, 12, 
(Note 59) 18 
180+m 8, 9, 11, 12, 
(Note 59) 18 


Protected Mode Only (Indirect Intersegment) (Continued) 


185 +m 8, 9, 11, 12, 
(Note 59) 18 
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Via Call Gate to Same 
Privilege Level 


Via Call Gate to Different 
Privilege Level, No Parameters 


Via Call Gate to Different 
Privilege Level, X Parameters 


Via TSS 


Via Task Gate 
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CLOCK COUNT COMMENTS 


PROTECTED 


PROTECTED 


800286 Instruction Set Summary (Continued) 
VIRTUAL VIRTUAL 
ADDRESS} ADDRESS |ADDRESS| ADDRESS 


FUNCTION FORMAT MODE MODE 


Register/Memory Indirect 11111111 } mod 100 7+m, 7+m, 2 
r/m 114m 114m 
(Note 59) | (Note 59) 


Within Segment 
Direct Intersegment 11101010 Segment Offset pf ttem | 284m 11, 72, 16 


Protected Mode Only Segment Selector 
(Direct Intersegment) 
Indirect Intersegment 11111111 | mod 101 


Protected Mode Only (Indirect Intersegment) 


Via Call Gate to Same 
Privilege Level 


Via TSS 


mod # 11 


15+m 26+m 8, 9, 11, 12, 
(Note 59) (Note 59) 18 


41+m 8,9, 11, 12 
(Note 59) 18 

178 +m ; 
(Note 59) 


af 


Via Call Gate to Same 
Privilege Level 
Via TSS 

Via Task Gate 


8,9, 11, 12 
183 +m 
(Note 59) 


Sete 


—— 
ee 
ee 


8, 9, 11, 12 


RET = Return from CALL 


Within Segment 


11000011 ays 
11000010 ’ 
11001011 “os 
11001010 | data-low , 12, 
01110100 
JL/JNGE = Jump on Less/Not | 01111100 
Greater or Equal 
JLE/JNG = Jump on Less or 01111110 
Equal/not Greater 


Within Segment Adding 
Immediate to SP 


data-low | data-high 


18 
18 
8, 9, 18 
8,9, 11, 12 
18 
8,9, 11, 12 
18 
18 
18 
18 


Intersegment 


Intersegment Adding 
Immediate to SP 


data-high 


Protected Mode Only (RET) 


9, 11, 12, 18 


To Different Privilege Level 


JE/JZ = Jump on Equal Zero 
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PROTECTED PROTECTED 


80C286 Instruction Set Summary (Continued) 
VIRTUAL VIRTUAL 
ADDRESS} ADDRESS [ADDRESS|} ADDRESS 


FUNCTION FORMAT MODE MODE 


JB/JNAE = Jump on Below/Not | 01110010 7+mor3} 7+mor3 18 
Above or Equal 

JBE/JNA = Jump on Below or | 01110110 7+mor3]| 7+mor3 18 
Equal/Not Above 

Even 


JNE/JNZ = Jump on Not 01110101 7+mor3]| 7+mor3 
Equal/Not Zero 

JNL/JGE = Jump on Not 01111101 7+mor3] 7+mor3 
Less/Greater or Equal 

JNLE/JG = Jump on Not Less | 01111111 7+mor3]| 7+mor3 
or Equal/Greater 

JNB/JAE = Jump on Not Be- 01110011 7+mor3] 7+mor3 
low/Above or Equal 

JNBE/JA = Jump on Not Below | 01110111 7+mor3 
or Equal/Above 

JNP/JPO = Jump on Not 01111011 7+mor3 
Par/Par Odd 


JNO = Jump on Not Overflow | 01110001 7+mor3} 7+mor3 | Ld 


N N 
+ + 
3 3 
fe) fe) 
x = 
Ww Ww 


ae | 
ee 
= 
° 
= 
w 


N 
+ 
= 
fe) 
= 
ie) 


LOOP Loop CX Times 11100010 8+mor4] 8+mord | 


LOOPZ/LOOPE = Loop While | 11100001 8+mor4 
Zero/Equal 

LOOPNZ/LOOPNE = Loop 11100000 8+mor4 
While Not Zero/Equal 


ENTER = Enter Procedure 11001000 data-high Ss ae 
| a ae 


SS 
a A 
a 
fees one] em 


joe) 
+ 
= 
S 
- 


18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 


© 
+ 
3 
12) 
x 
pS 


Loe) 
+ 
= 
fe) 
= 
> 


ie 


co 
+ 
3 
12) 
a 
BSS 
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800286 Instruction Set Summary (Continued) 


CLOCK COUNT COMMENTS 


PROTECTED 


FUNCTION FORMAT 


— {| 


40+m 7, 8, 11, 12, 
18 
78+m 4, By V1, Te 
18 
167+m 7, 8, 11, 12, 
18 
IRET Interrupt Return 11001111 17+m 31+m 8,9, 11, 
12, 15, 18 


8,9, 11, 
12, 15, 18 
8, 9, 11, 12, 
18 


6, 8, 9, 11, 
12, 18 


INTO = Interrupt on Overflow 


interrupt) 


interrupt) 


Protected Mode Only 


Via Interrupt or Trap Gate to 
Same Privilege Level 


Via Interrupt or Trap Gate to 
Fit Different Pnvilege Level 


Via Task Gate 


To Different Privilege Level 


To Different Task (NT = 1) 


13 


(Use INT 
clock 


BOUND = Detect Value Out of 
Range 


count if 
exception 5) 
(Note 59) 


PROCESSOR CONTROL 


picccawcay emo] 
Enea onparanGan [enor] 
frezeacmny ——_rvon | 
Eocene fame] 
prozeaorcin ——pemn | 
escent moo] 
ficearene pmo] 

_ 

a 

a 


HLT = Halt 11110100 
WAIT = Wait } 10011011 
LOCK = Bus Lock Prefix 11110000 


CTS = Clear Task Switched 00001111 | 00000110 
Flag 
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CLOCK COUNT COMMENTS 


PROTECTED 


PROTECTED 


80C286 Instruction Set Summary (Continued) 
VIRTUAL VIRTUAL 
ADDRESS} ADDRESS {ADDRESS} ADDRESS 


FUNCTION FORMAT MODE MODE 


ESC = Processor Extension 11011TTT | modLLL 9-20 9-20 5,8 eS, T7 
Escape r/m (Note 59) (Note 59) 


fix 


PROTECTION CONTROL 


LGDT = Load Global Descriptor} 00001111 | 00000001 | mod 010 11 11 2, 
Table Register r/m (Note 59) (Note 59) 


SIDT = Store Interrupt Descrip-| 00001111 | 00000001 | mod 001 12 12 2, 
tor Table Register r/m (Note 59) (Note 59) 

LLDT = Load Local Descriptor | 00001111 | 00000000 | mod 010 

Table Register From Register r/m 

Memory 


SLDT = Store Local Descriptor 
Table Register To Regis- 


00001111 | 00000000 |} mod 000 
r/m 

ter/Memory 
LTR =LTR = Local Task Regis-| 00001111 | 00000000 | mod 011 
ter From Register/Memory r/m 
STR = Store Task Register To | 00001111 | 00000000 | mod 001 
Register Memory r/m 
LMSW = Load Machine Status | 00001111 | 00000001 | mod 110 
Word From Register/Memory r/m 
SMSW = Store Machine Status | 00001111 | 00000001 | mod 100 
Word r/m 
LAR = Load Access Rights 00001111 | 00000010 |mod reg r/m 
From Register/Memory 


9,11, 13 


17, 19 
(Note 59) 
2,3 
(Note 59) 
3,6 3,6 
(Note 59) | (Note 59) 
2,3 2,3 
(Note 59) (Note 59) 


9,11, 13 


14, 16 


9,13 
9,13 
9, 13 
9,11, 16 
(Note 59) 

14, 16 9,11, 16 
(Note 59) 


ARPL = Adjust Requested Priv- 01100011 |mod reg r/m 

ilege Level: From Regis- 

ter/Memory 

VERR = Verify Read Access: | 00001111 | 00000000 | mod 100 

Register/Memory r/m 

VERR = Verify Write Access: | 00001111 | 00000000 | mod 101 = 
r/m 


NOTE: 
59. Shaded areas indicate instructions not available in 80G86/88 microsystems. 


(Note 59) 


14, 16 
(Note 59) 
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80C286 Machine Instruction Encoding Matrix 


LO 
Se 
ADD ADD ADD ADD ADD ADD PUSH OR OR OR OR PUSH PVAM n 
b, f, r/m | w,f,r/m |] b,t,r/m | w,t, r/m b, ia W, ia ES b, f, r/m | w,f,r/m | b,t,r/m | w,t, r/m CS 
ADC ADC ADC ADC ADC ADC PUSH POP SBB SBB SBB SBB SBB SBB PUSH POP 
b, f, rim | w,f,r/m | b,t, r/m | w, t, r/m b, ia W, ia SS SS b, f, r/m | w,f,r/m | b,t, r/m | w,t, r/m b, i w, i DS DS 
AND AND AND AND AND AND SEG DAA SUB SUB SUB SUB SUB SEG DA 
b, f, rim | w,f,r/m | b,t,r/m | w, t, r/m b, ia W, ia =ES b, f, r/m | w,f,r/m | b,t, r/m | w,t, r/m b, i =CS 
XOR XOR XOR XOR XOR XOR SEG AAA CMP CMP CMP CMP CMP SEG AA 
b, f, r/m | w,f,r/m | b,t, r/m | w, t, r/m b, ia W, ia =SS b, f, r/m | w,f,r/m ] b,t, r/m | w,t, r/m b, i =DS 
INC INC INC INC INC INC INC INC DEC DEC DEC DEC DEC DEC DEC DEC 
AX C B SP BP Sl D AX CX DX B SP SI 
PUSH PUSH PUSH POP POP POP POP POP POP POP 
Sl SI D AX CX DX B SP 
PUSH IMUL PUSH IMUL INSB INSW OUTSB | OUTSW 
Ww w, t, r/m, i b, i b, t, r/m, i 
Jf 
J 


982908 


S) 
S 
p 


ps a | 
JS 
7 
Immed Immed Immed Immed TEST TEST XCHG XCHG MOV MOV MOV MOV MOV MOV PO 
b, r/m w, r/m b, r/m is, r/m b, r/m w, t/m b, r/m w, r/m b, f, r/m | w,f, rm | b,t,r/m | w,t, r/m | sr, f, r/m sr, t, r/m r/m 
XCHG XCHG XCHG XCHG XCHG XCHG XCHG XCHG CBW CWD CALL WAIT PUSHF POPF SAHF LAHF 
AX C DX B P BP S| DI i, d 
MOV MOV MOV MOV MOVSB | MOVSW ! CMPSB | CMPSW {| TEST TEST STOSB | STOSW | LODSB | LODSW | SCASB | SCASW 
m-AL m-AX AL-m AX-m b,i,a w,i,a 
MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV MOV 
i-AL i-CL i-DL i-BL i-AH i-CH i-DH i-BH i-AX i-CX i-DX i-BX i-SP i-BP i-Sl i-DI 
Shift Shift RET RET LES LDS MOV MOV ENTER | LEAVE RET RET INT INT INTO IRET 
b, i w, i (i+SP) b, i, r/m | w, i, t/m 1, (i+SP) | Type 3 (any) 
Shift Shift Shift AAM AAD XLAT ESC ESC ESC ESC ESC ESC ESC ESC ESC 
b Ww b, CL 0 1 2 3 4 5 6 6 7 
LOOPNZ/}| LOOPZ/ | LOOP JCXZ OUT OUT CALL JMP JMP JMP IN IN OUT OUT 
LOOPNE | LOOPE b Ww d d i, d si, d DX, b DX, w DX, b DX, w 
LOCK REPZ HLT CMC Grp 1 Grp 1 CLC STC CLI STI CLD STD Grp 2 Grp 2 
b, r/m w, r/m b, r/m w, r/m 


SUB 
w, i 
CMP 
w, | 

Xx BP 

Xx BP 

JO JNO JB/ JNB/ JNL/ JLE/ | JNLE/ 
JNAE JAE JGE JNG JG 

LEA 

X 


800286 


80C286 Machine Instruction Encoding Matrix (continued) 


CN 


id I, id 


b = byte operation m = memory 
d = direct r/m = EA is second byte 
f = from CPU reg is = short intrasegment 
i = immediate sr = segment register 
ia = immediate to AX t = to CPU register 
id = indirect v= variable 
is = immediate byte sign extension w = word operation 
| = longi.e., intersegment Zz = zero 
n = 2nd byte of PVAM instruction 

Footnotes 


The Effective Address (EA) of the memory operand is com- Segment Override Prefix 
puted according to the mod and r/m fields: 


, Sieh pa 
if mod = 11 then r/m is treated as a REG field 


if mod = 00 then DISP = O}, disp-low and disp-high are ‘eg is assigned according to the following: 


absent REG SEGMENT REGISTER 
if mod = 01 then DISP = disp-low sign extended to 16 bits, 00 ES 
disp-high is absent 01 cs 
if mod = 10 then DISP = disp-high: disp-low 10 SS 
if r/m = 000 then EA = (BX) + (SI) + DISP " eS 
if r/m = 001 then EA = (BX) + (Dl) + DISP REG is assigned according to the following table: 
if r/m = 010 then EA = (BP) + (SI) + DISP 16-BIT (w = 1) 8-BIT (w = 0) 
if rm = 011 then EA = (BP) + (Dl) + DISP ie lois oon le 
if r/ 100 then EA = (SI) + DISP ab el a oe 
Dem = TOG Tien Basalt + 010 DX 010 DL 
if r/m = 101 then EA = (Dl) + DISP 209 - a ” 
if r/m = 110 then EA + (BP) + DISP (Note 60) 100 SP 100 AH 
if r/m = 111 then EA = (BX) + DISP 101 BP 101 CH 
DISP follows 2nd byte of instruction (before data is required) ss “ ae sa 
111 DI 111 BH 


NOTE: 


60. Except if mod = 00 and r/m = 110 then EQ = disp-high: disp-low. The physical addresses of all operands addressed by the BP 
register are computed using the SS segment register. The 
physical addresses of the destination operands of the string 
primitive operations (those addressed by the DI register) are 
computed using the ES segment, which may not be overridden. 
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SEMICONDUCTOR 80C286/883 
High Performance Microprocessor with Memory 


March 1997 Management and Protection 


Features 


e This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Compatible with NMOS 80286/883 


Static CMOS Design for Low Power Operation 
- ICCSB = 5mA Maximum 

- ICCOP = 185mA Maximum (80C286-10/883) 
- ICCOP = 220mA Maximum (80C286-12/883) 


Large Address Space 
- 16 Megabytes Physical 
- 1 Gigabyte Virtual per Task 


Integrated Memory Management, Four-Level Memory 
Protection and Support for Virtual Memory and 
Operating Systems 

Two 80C86 Upward Compatible Operating Modes 

- 80C286/883 Real Address Mode 

- Protected Virtual Address Mode 


Compatible with 80287 Numeric Data Co-Processor 


Ordering Information 


Description 


The Harris 80C286/883 is a static CMOS version of the 
NMOS 80286 microprocessor. The 80C286/883 is an 
advanced, high-performance microprocessor with specially 
optimized capabilities for multiple user and multi-tasking sys- 
tems. The 80C286/883 has built-in memory protection that 
supports operating system and task isolation as well as pro- 
gram and data privacy within tasks. The 80C286/883 
includes memory management capabilities that map 230 
(one gigabyte) of virtual address space per task into 274 
bytes (16 megabytes) of physical memory. 


The 80C286/883 is upwardly compatible with 80C86 and 
80C88 software (the 80C286/883 instruction set is a super- 
set of the 80C86/80C88 instruction set). Using the 80C286/ 
883 real address mode, the 80C286/883 is object code com- 
patible with existing 80C86 and 80C88 software. In protected 
virtual address mode, the 80C286/883 is source code com- 
patible with 80C86 and 80C88 software but may require 
upgrading to use virtual address as supported by the 
80C286/883’s integrated memory management and protec- 
tion mechanism. Both modes operate at full 80C286/883 
performance and execute a superset of the 80C86 and 
80C88 instructions. 


The 80C286/883 provides special operations to support the 
efficient implementation and execution of operating systems. 
For example, one instruction can end execution of one task, 
save its state, switch to a new task, load its state, and start 
execution of the new task. The segment-not-present excep- 
tion and restartable instructions. 


[eacxnoe [vewp-rawoe] vows [asus [vow [| some | some [ran 
ES 
secsorenc|omeeroanc| fi 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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Pinout 
68 LEAD PGA, COMPONENT PAD VIEW 


As viewed from underside of the component when mounted on the board. 


Vss 
0 
1 
2 
3 
4 
5 


i=) 
-2a5% 


) ©©OO® 
Y) Y©OOOO® 
IG) 


8 
©) 
OOS 
A2 Al 2) 63) BUSY 
Veo CLK @) NC 
A3 RESET NC 
AS A4 @) PEREQ Vg 
A7 AG @s) READY = Vic 
AS as | @2) @) HOLD 
All A10 @) COD/INTA 
A13 A12 COCK 
@® 


PIN 1 INDICATOR 


As viewed from the component side of the P.C. board. 


nc ERROR 2) @) Do AO 
BUSY NC @) G2) At A2 
NC —_INTR Go) CLK Voc 
NC NMI RESET A3 
Vss_ PEREQ A4 AS 
Veco READY @) AG A7 
HOLD HLDA @) As Ag 
@o) 


PIN 1 INDICATOR 


ro) °” co ae £& w+ 
E2e@gsgese & 
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Absolute Maximum Ratings Thermal Information 

VO shes oe eared aeeee vs nese eens ees ee mwa +8.0V Thermal Resistance (Typical) Oya Bc 
Input, Output or I/O Voltage Applied...... GND -1.0V to Veco +1.0V PGA PACKAQS 2.2. cscissceveeevnuns 35°C/W 6°C/W 
Storage Temperature Range ................. CGY CO+Ib0C | Gale COU cos vevinienawcaedvesddverstensoves 22,500 Gates 
Junction Temperature... .. 0.0.0.0... 0000 cece eee ee eee +175°C 

Lead Temperature (Soldering 10s).................05- +300°C 

Esl) LIM SeHUON 606.osunue Codendeenk onean bbws meen Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
NOTE: 


1. @jq is measured with the component mounted on an evaluation PC board in free air. 


Operating Conditions 


Operating Voltage Range...................4. +4.5V to +5.5V = Input RISE and FALL Time (From 0.8V to 2.0V 
Operating Temperature Range................ -55°C to +125°C BOGIES TOES ic on ce ont in ccedavawen¥acnoes 10ns (Max) 
System Clock (CLK) RISE Time (From 1.0V to 3.6V .... 8ns (Max) BOG CEE 60? wna canes host coven veeeNseneLeees 8ns (Max) 


System Clock (CLK) FALL Time (from 3.6V to 1.0V) .... 8ns (Max) 


TABLE 1. 80C286/883 D.C. ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 


Device Guaranteed and 100% Tested 


GROUP A 
SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


UNITS 


Vec +0.5 


aks 
oO 


Output LOW Voltage lo. = 2.0MA, Voc = 4.5V -55°C < Ty $ +125°C 


Output HIGH Voltage Vou lon = -2.0MA, Voc = 4.5V 1,2,3 -55°C < Ta $ +125°C 
lon =-1 OOnA, Vec = 4.5V Voc -0.4 
Input Leakage Current Vin = GND or Voc, -55°C < Ty < +125°C 


ty Be 
Voc = 5.5V, 
Pins 29, 31, 57, 59, 61, 
Input Sustaining Current IBHL Voc = 4.5V and 5.5V, 1,2,3 -55°C < Ta $ +125°C 38 
LOW Vin = 1.0V, Note 1 
Input Sustaining Current IBHH Vec = 4.5V and 5.5V, 1, 2,3 -55°C < Ta $ +125°C 
HIGH VIN = 3.0V, Note 2 
2, 
2, 


3.6 | Voc+0.5 
3.0 


pA 


Output Leakage Current 


63-64 
Input Sustaining Current Voc = 4.5V and 5.5V 1,2,3 -55°C < Ty $ +125°C -30 -500 
on BUSY and ERROR Vin = GND, Note 5 
Pins 
-55°C < Ta, $ +125°C 
Pins 1, 7-8, 10-28, 32-34 
Active Power Supply Iccop | 80C286-10/883, Note 4 1,2,3 -55°C < Ty < +125°C 
nem 80C286-12/883, Note 4 
Standby Power locsp. | Voc = 5.5V, Note 3 1,2,3 -55°C < Ty $ +125°C 
Supply Current 


2. Igy Should be measured after lowering Vy to GND and then raising to 1.0V on the following pins: 36-51, 66, 67. 


> 


= 
> 


3 


wali 
o 


3. IgHH Should be measured after raising Vix, to Vcc and then lowering to 3.0V on the following pins: 4-6, 36-51, 66-68. 

4. Icocsp should be tested with the clock stopped in phase two of the processor clock cycle. Vix, = Voc or GND, Voc = 5.5V, outputs unloaded. 
5. Io¢cop measured at 10MHz for the 80C286-10/883 and 12.5MHz for the 80C286- 12/883. Vy = 2.4V or 0.4V, Voc = 5.5V, outputs unloaded. 
6. Is} should be measured after raising Vix to Vcc and then lowering to OV on pins 53 and 54. 
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TABLE 2. 80C286/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


AC Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Datasheet Waveforms, Unless Otherwise Noted. Device 
Guaranteed and 100% Tested. 


80C286/883 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


System Clock 1 Voc = 4.5V and 5.5V 9,10, 11 -55°C < Ta $ +125°C 
(CLK) Period 
System Clock Voc = 4.5V and 5.5V 9,10, 11 -55°C <T, S$ +125°C 
(CLK) Low Time at 1.0V 
System Clock (CLK) | Voc = 4.5V and 5.5V 9,10, 11 -55°C < Ta < +125°C 
High Time at 3.6V 
‘ 


9,10, 11 -55°C < Ta $ +125°C 


oO 
oO 


—_ 


Asynchronous Inputs 
SETUP Time 
(Note 1) 


ip?) 
oO 


Asynchronous Inputs 
HOLD Time 
(Note 1) 


a 9,10,11 | -55°C <T,< +125°C 
Voc = 4.5V 9, 10, 11 -55°C < Tt < +125°C 
and 5.5V 
Voc = 4.5V 9,10, 11 -55°C < Ta < +125°C 
and 5.5V 
Voc = 4.5V 9, 10, 11 -55°C < Ta < +125°C 
and 5.5V 


RESET SETUP Time 


RESET HOLD Time 
Read Data 
SETUP Time 
Read Data 
HOLD Time 
READY SETUP Time 0 
READY HOLD Time 1 Voc = 4.5V 9, 10, 11 -55°C <Ty $ +125°C J 25 
and 5.5V 
Status/PEACK Active 12A Voc = 4.5V and 9,10, 11 -55°C < Tp < +125°C 
Delay, (Note 4) 5.5V, C, = 100pF 
I, = 12mAl 
Status/PEACK 12B Vec = 4.5V and 9, 10, 11 -55°C < Ta S$ +125°C 
Inactive Delay 5.5V, C, = 100pF 
(Note 3) I, =l2mAl 
Address Valid 13 Voc = 4.5V and 9, 10, 11 -55°C < Ta $ +125°C 
Delay (Note 2) 5.5V, C, = 100pF 
IL = l2mAl . 
Write Data Voc = 4.5V and 9, 10, 11 -55°C < Ta < +125°C 
Valid Delay, (Note 2) 5.5V, C, = 100pF 
I = |2mAl 


uPROCESSORS 


Vcc = 4.5V 9,10, 11 -55°C < Ta $ +125°C 4 
and 5.5V 

Vec = 4.5V 9, 10, 11 -55°C < Ta $ +125°C 
and 5.5V 


ye) 


— —" 


1 
1 


nN 
PO 


on 


5 
7 
2 
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TABLE 2. 80C286/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 


AC Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Datasheet Waveforms, Unless Otherwise Noted. Device 


Guaranteed and 100% Tested. 
80C286/883 


PARAMETER SYMBOL CONDITIONS 


rennenarne [on [wa] wn [wa] wre 
HLDA Valid Delay Voc = 4.5V and -55°C < Ta $ +125°C 47 
(Note 5) 5.5V, C, = 100pF 
IL = |2mAl 
NOTES: 


1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, to assure 
recognition at a specific CLK edge. 


. Delay from 1.0V on the CLK to 0.8V or 2.0V. 

. Delay from 1.0V on the CLK to 0.8V for Min (HOLD time) and to 2.0V for Max (inactive delay). 
. Delay from 1.0V on the CLK to 2.0V for Min (HOLD time) and to 0.8V for Max (active delay). 

. Delay from 1.0V on the CLK to 2.0V. 


GROUP A 
SUBGROUPS 


ao f& WwW DM 


TABLE 3. 80C286/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


CLK Input Capacitance FREQ = 1MHz 
Other Input Capacitance FREQ = 1MH 


FREQ = 1MH 


1. Output Load: C, = 100pF. 


2. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 0.8V or status going inactive reaching 
2.0V. 


3. Delay from 1.0V on the CLK to Float (no current drive) condition. 
4. l= -6mA (VoH to Float), IL = 8mA (VoL to Float). 


5. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design and after major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


a 
a 
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AC Electrical Specifications 82C284 and 82C288 Timing Specifications Are Given For Reference Only, And No Guarantee is 
Implied. 


82C284 Timing 


SYMBOL PARAMETER 


TIMING REQUIREMENTS 


SRDY/SRDYEN Setup Time 
SRDY/SRDYEN Hold Time 
ce ee 
se ee 


19 PCLK Delay 20 16 C, = 75pF, Io, = 5mA, 
low =-1mA 


NOTE: 
1. These times are given for testing purposes to ensure a predetermined action. 


82C288 Timing 


TIMING REQUIREMENTS 


= Joma Te T-[*[-][=] 
16 
19 
23 
21 
23 
24 
23 
23 


TEST CONDITION 


TIMING RESPONSES 


ALE Active Delay 1 


ALE Inactive Delay 


DT/R Read Active Delay Lo 
DEN Read Active Delay cz 


CL = 50pF 


es 


16 

19 

23 

21 

Pd 18 
CL 
a a 
Ses 
= 


Command Inactive Delay from CLK 3 p20 


CL = 300pF 
lo. = 32mA Max 


16 
17 
19 
2 
3 
30 
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AC Specifications 


4.0V 
CLK INPUT 


0.45V 


4.0V 


3.6V 3.6V 


CLK INPUT 
1.0V 1.0V 


—— tpeLay (MAX) —— 


0.45V 


aa WW 
INPUT A 


‘QQ 


0.4V 


= toeay (MIN) > 


1. For AC testing, input rise and fall times are driven at 1ns per volt. 


FIGURE 1. AC DRIVE AND MEASURE POINTS - CLK INPUT 
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Waveforms 
READ CYCLE WRITE CYCLE READ 
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE (T, OR Ts) 
WAIT STATES WAIT STATE 
BUS CYCLE TYPE ay a Te Ts Te Te 
on 2 o1 


Az3 - Ao 
MAO, 

COD INTA 
BHE, LOCK 


80C286/883 


D5 -Do 


SRDY + 
a SRDYEN 
WwW 
5 
z 
ty 
ay ARDY + 
bf ARDYEN 
N 
(©) 
N 
«© PCLK 
ALF 
CMDLY 
nN 
Ww 
E MWTC 
za 
Ww 
Lu 
” 
“| MRDG 
co 
N 
oO 
& DT/R 
DEN 
NOTES: 


2 o1 2 o1 2 o1 
> Q) ~—<_ 
Voi 


LLLLLLL4 om i ——s aT IFT. 


ar iar |. 
LLildlililililllZllZ4L VLLLLL TL ae VZZLL, 
7 | 


a) 
a VLLkL iL h hele = 


mee 7 rer cy | 
camila UN a=l ELLLLLALLLaL LN, 


fous Hae 
—— an on ial au “8 Oa 


er 49; 
=I@ |= Paarl 
4 
22 


Q0-> 


= 


1. The modified timing is due to the CMDLY signal being active. 
2. 82C254 and 82C288 Timing Waveforms are shown for reference only, and no guarantee is inplied. 


FIGURE 2. MAJOR CYCLE TIMING 
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Waveforms (Continued) 


BUS CYCLE TYPE 


CLK 


PCLK 
(SEE NOTE 1) 


INTR, NMI 
HOLD, PEREQ 
(SEE NOTE 2) 


(SEE NOTE 1) 
<< 


ERROR, BUSY /YJ =a LLL, RESET 


(SEE NOTE 2) 


NOTES: 


1. PCLK indicates which processor cycle phase will occur on the 
next CLK. PCLK may not indicate the correct phase until the first 


cycle is performed. NOTE: 
2. These inputs are asynchronous. The setup and hold times shown 1. When RESET meets the setup time shown, the next CLK will 
assure recognition for testing purposes. start or repeat 1 of a processor cycle. 
FIGURE 3. 80C286/883 ASYNCHRONOUS INPUT SIGNAL FIGURE 4. 80C286/883 RESET INPUT TIMING AND SUBSE- 
TIMING QUENT PROCESSOR CYCLE PHASE 
BUS —_ TYPE TH “a ORT, T Ty 


CLK 
HILDA 
(SEE NOTE 4) 


“| Fe (2A) |(NOTE 3) 
$1 °SO 


o 
i= 
=) IF NPX TRANSFE 
BHE, LOCK 
Ass = Po, (SEE NOTE 5) 
tg, = — SE a ane 
COD/INTA 
— <_ 
(SEE NOTE 6) 6) 
Suc Oy ee ee SEEMED = = 
VALID IF WRITE 
bs 
i=] 
co 


NOTES: 


1. These signals may not be driven by the 80C286/883 during the time shown. The worst case in terms of latest float time is shown. 
. The data bus will be driven as shown if the last cycle before T, in the diagram was a write Tc. 

. The 80C286/883 puts its status pins in a high impedance logic one state during Ty. 

. For HOLD request set up to HLDA, refer to Figure 8. 

. BHE and LOCK are driven at this time but will not become valid until Ts. 

. The data bus will remain in a high impedance state if a read cycle is performed. 


FIGURE 5. EXITING AND ENTERING HOLD 


Oooh W PY 
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Waveforms (Continued) 


BUS CYCLE TYPE 
T T T T 
Von “! 2 | ot TS g2 beGpeie o2 | ot TS 2 | o1 T 2 | of & 
CLK 
Ver V0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 
MEMORY READ IF MEMORY TO PROC. EXT VO WRITE IF MEMORY TO PROC. EXT. 
Si -S0 
CLK MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER I/O 
Aoa “Ag PORT ADDRESS 00FA(H) IF MEMORY TO PROC. EXT. TRANSFER 


Mio, = S Ga Wal a = eee, 
COD INTA (24 > VO PORT ADDRESS 00FA(H) IF PROC. EXT. TO MEMORY TRANSFER 
MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 


(SEE NOTE 2 on 


FERES WOOD —— 


NOTES: 


1. PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation 
will be either a memory read at operand address or I/O read at port address OOFA(H). 


2. To prevent a second processor extension data operand transfer, the worst case maximum time (shown above) is 3 x @)- 12Amax -(4)min 
The actual, configuration dependent, maximum time is: 3 x (1) - 12Amax - 4) IN +N x 2x "')_ Nis the number of extra Tc states added 
to either the first or second bus operation of the processor extension data operand transfer sequence. 


FIGURE 6. 80C286/883 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 


BUS ores TYPE a 
o1. ,| 62 


CLK 
ies a NOTE2) @-»| 2] -#o& 
v, 
RESET (ZA Facer Et AT LEAST am 2. 
16 CLK PERIODS 16. 
ST e SO pasenzec mamta aaa sed 


PEAGK UNKNOWN 
hea wanna ~@8,. 
BRE Ca 
™ |e 
cope UNKNOWN SS 
@xl = 
S eeeaaediieeeinteaata 
COCK UNKNOWN aw’ 


3) |< (SEE NOTE 3) 


OA VALLLLLLLLLLLAL LLAMA ALLL LALLA ALLL pS - 


ds > <_ 
HILDA UNKNOWN \ a « 
pote een 
NOTES: 


1. Setup time for RESET T may be violated with the consideration that 1 of the processor clock may begin one system CLK period later. 
2. Setup and hold times for RESET J must be met for proper operation, but RESET | may occur during 1 or $2. 
3. The data bus is only guaranteed to be in a high impedance state at the time shown. 


FIGURE 7. INITIAL 80C286/883 PIN STATE DURING RESET 
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Waveforms (Continued) 


BUS HOLD 
BUS HOLD ACKNOWLEDGE WRITE CYCLE ACKNOWLEDGE 
BUSCYCLETYPE ~s#——:]cco 
| TH TH TH Ts Tc Tc Tec T; TH 


o1 ed o1 yo | o1 | 92 91 a | o1 yo | o1 yo | o1 yo | o1 | 92 91 a | 


HOLD (SEE NOTE 4) He rN (SEE NOTE 6) 


HLDA 


(SEE NOTE 1) (SEE NOTE 1) 


SieS0O®@ @ @ s@ e@ es ew ws sss = au naam 


80C286 


(SEE NOTE 2) 
eS Sal >>>>>>>>>>>>>>> >>> Eee 
(SEE NOTE 3) 


BHE, LOCK ====seeeeeeeeeeeee< \vVAD »))>559599599959555>> ------ 


NOT READY NOT READY (SEE NOTE 7) 


Nt CWIIIIDIDIDIDDEEZZLZLLLD WL) WALL LL LLLLLLLLLLL 


NOT READY NOT READY READY 


WW MLILLLLLLLLLLLLLLLLL OMLLLLLILILLEL LLLLLLL LLL LLL 


DELAY ENABLE (SEE NOTE 7) 


80C284 


80C288 
= 
5) 


TS - STATUS CYCLE 
CT - COMMAND CYCLE 


NOTES: 


1 
2; 


Status lines are held at a high impedance logic one by the 80C286 during a HOLD state. 


Address, M/IO and COD/INTA may start floating during any Tg depending on when internal 80C286 bus arbiter decides to release bus to 
external HOLD. The float starts in $2 of Tc. 


. BHE and LOCK may start floating after the end of any Tc depending on when internal 80C286 bus arbiter decides to release bus to ex- 


ternal HOLD. The float starts in 91 of Tc. 


. The minimum HOLD to HLDA time is shown. Maximum is one Tj, longer. 
. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 
. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine state (i.e., 


Interrupts, Waits, Lock, etc.). 


. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous ready state 


is ignored after ready is signaled via the asynchronous input. 


FIGURE 8. MULTIBUS WRITE TERMINATED BY ASYNCHRONOUS READY WITH BUS HOLD 
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Burn-In Circuit 
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80C286/883 PGA 
CMOS 
uPROCESSORS 


50 49 48 47 46 45 44 43 42 41 


GND 
5.5V 


ul? at af? y Ab ee tS Soe ees ts 
fe) 
« 
NOTES: 


et 
8. Supply Voltage: Vpp = 5.5V, Vsg = 0.0V. 


9. Input Voltage Limits: V\, (Maximum) = 0.8V, V\4 (Minimum) = 2.0V 

10. Component Values: RC = 1kQ +5%, RI = 10kQ +5%, RO = Two Series 2.7kQ +5% 

11. Capacitor Values: C1 = 0.1 Microfarads 

12. Oven Type and Frequency Requirements: Wakefield Oven Board fy = 100kHz, fz = 12.5kHz, 
f4 = 6.25kHz, f, = 3.125kHz, f7 = 781.25Hz. 

13. Special Requirements: (a) ELECTROSTATIC DISCHARGE SENSITIVE. Proper Precautions Must be Used When Handling Units. (b) All Power Supplies 
Must be at Zero Volts When the Boards are Inserted into the Ovens. (c) When Powering Up, the Inputs Must be Held Below the Vpp Voltage. (d) If an 
Excessive Current is Indicated at Final Inspection, Check to See if a Part is Inserted Backwards or is Latched Up. 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
286 x 283 x 19 +1mils Type: Nitrox 


METALLIZATION: Thickness: 10kA 
Type: Si-Al WORST CASE CURRENT DENSITY: 2 X 10°A/cm? 


Thickness: 8kA LEAD TEMPERATURE: (10s Soldering): < 300°C 


Metallization Mask Layout 
80C286/883 
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HARRIS 80C86 


March 1997 CMOS 16-Bit Microprocessor 


GD 


Features Description 


¢ Compatible with NMOS 8086 The Harris 80C86 high performance 16-bit CMOS CPU is 
. , manufactured using a self-aligned silicon gate CMOS pro- 

* Completely Static CMOS Design cess (Scaled SAJI IV). Two modes of meee im minimum for 
SMHz (80C86) small systems and maximum for larger applications such as 
8MHz (80C86-2) multiprocessing, allow user configuration to achieve the 
highest performance level. Full TTL compatibility (with the 

exception of CLOCK) and industry standard operation allow 


SO0HA Max use of existing NMOS 8086 hardware and software designs. 


10mA/MHz Typ ; 
1MByte of Direct Memory Addressing Capability Ordering Information 


Bit, Byte, Word and Block Move Operations | °C to+70°C |CP80cs6 |CPs0Cs6-2 |E40.6 | 
8-Bit and 16-Bit Signed/Unsigned Arithmetic 
- Binary, or Decimal PLCC | °C to+70°C |CSB0cs6 |CS80C86-2 |N44.65| 
| Multiply and Divide Taco 850 [sence —]se0cee2 [ness 
Wide Operating Temperature Range CERDIP 


- C80C86 -40°C to +85°C |ID80C86 ID80C86-2 |F40.6 


- 180C86 -55°C to +125°C | MD80C86/B |MD80C86- |F40.6 


CMOS 
uPROCESSORS 


- M80C86 2/B 


-55°C to +125°C |8405201QA |84052020A | F40.6 


CLCC -55°C to +125°C |MR80C86/B|MR80C86- |J44.A 
2/B 


SMD# -55°C to +125°C |8405201XA |8405202XA |J44.A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2957.1 
Copyright © Harris Corporation 1997 3-141 
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Pinouts 
80C86 (DIP) 
TOP VIEW 
MAX — (MIN) 
GND Voc 
AD14 AD15 
AD13 A16/S3 
AD12 A17/S4 
AD11 A18/S5 
AD10 A19/S6 
AD9 BHE/S7 
AD8 MN/MX 
AD7 RD 
AD6 RG/GTO0 (HOLD) 
AD5 RQ/GT1T (HLDA) 
AD4 LOCK (WR) 
AD3 $2 (M710) 
AD2 Si (DT/R)) 
AD1 SO (DEN) 
ADO aso (ALE) 
NMI (INTA) 


INTR 
CLK 


GND RESET 


80C86 (PLCC, CLCC) 
TOP VIEW 


MAX MODE 
80C86 


MIN MODE 
80C86 
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Functional Diagram 
EXECUTION UNIT BUS INTERFACE UNIT 
| REGISTER FILE | RELOCATION 
REGISTER FILE 
DATA POINTER SEGMENT REGISTERS 
AND AND 


INDEX REGS 
(8 WORDS) 


INSTRUCTION POINTER 
(5 WORDS) 


BHE/S7 
A19/S6 
A16/S3 


4) 

CTE» AD15-AD0 
oe INTA, RD, WR 
m= 
=> 


DT/R, DEN, ALE, M/0 


16-BIT ALU 
FLAGS 


BUS INTERFACE UNIT 


6-BYTE 
INSTRUCTION 
QUEUE 


TEST 
INTR 

NMI 
RO/GTO, 7 CONTROL AND TIMING 


HOLD 
HLDA 
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CLK RESET READY MN/MX oe 
cc 


MEMORY INTERFACE 


BUS 
INTERFACE 
UNIT 


EXECUTION UNIT 
CONTROL SYSTEM 


ARITHMETIC/ 
T a) 
EXECUTION 

UNIT 
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Pin Description 


The following pin function descriptions are for 80C86 systems in either minimum or maximum mode. The “Local Bus” in these description is 
the direct multiplexed bus interface connection to the 80C86 (without regard to additional bus buffers). 


PIN 
SYMBOL NUMBER TYPE DESCRIPTION 


AD15-ADO 2-16, 39 /O ADDRESS DATA BUS: These lines constitute the time multiplexed memory/lO address (T1) and 
data (T2, T3, TW, T4) bus. AO is analogous to BHE for the lower byte of the data bus, pins D7- 
DO. It is LOW during Ti when a byte is to be transferred on the lower portion of the bus in memory 
or I/O operations. Eight-bit oriented devices tied to the lower half would normally use AO to con- 
dition chip select functions (See BHE). These lines are active HIGH and are held at high imped- 
ance to the last valid logic level during interrupt acknowledge and local bus “hold acknowledge” 
or “grant sequence”. 


A19/S6 35-38 ADDRESS/STATUS: During T1, these are the four most significant address lines for memory op- 
A18/S5 erations. During I/O operations these lines are LOW. During memory and I/O operations, status 
A17/S4 information is available on these lines during T2, T3, TW, T4. S6 is always LOW. The status of 
A16/S3 the interrupt enable FLAG bit (S5) is updated at the beginning of each clock cycle. S4 and S3 
are encoded as shown. 
This information indicates which segment register is presently being used for data accessing. 
These lines are held at high impedance to the last valid logic level during local bus “hold ac- 
knowledge” or “grant sequence”. 
| $4 | S38 | CHARACTERISTICS 
| 0 f 0 Alternate Data 
Bike. ee 
ss 
ee 


34 


BUS HIGH ENABLE/STATUS: During T1 the bus high enable signal (BHE) should be used to 
enable data onto the most significant half of the data bus, pins D15-D8. Eight bit oriented devices 
tied to the upper half of the bus would normally use BHE to condition chip select functions. BHE 
is LOW during T1 for read, write, and interrupt acknowledge cycles when a byte is to be trans- 
ferred on the high portion of the bus. The S7 status information is available during T2, T3 and 
T4. The signal is active LOW, and is held at high impedance to the last valid logic level during 
interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”, it is LOW during 
T1 for the first interrupt acknowledge cycle. 


CHARACTERISTICS 
Whole Word 


Upper Byte From/to Odd Address 
Lower Byte From/to Even address 


READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, de- 
pending on the state of the M/IO or S2 pin. This signal is used to read devices which reside on 
the 80C86 local bus. RD is active LOW during T2, T3 and TW of any read cycle, and is guaran- 
teed to remain HIGH in T2 until the 80C86 local bus has floated. 


This line is held at a high impedance logic one state during “hold acknowledge” or “grand se- 
quence”. 


READY: is the acknowledgment from the addressed memory or I/O device that will complete the 
data transfer. The RDY signal from memory or I/O is synchronized by the 82C84A Clock Gener- 
ator to form READY. This signal is active HIGH. The 80C86 READY input is not synchronized. 
Correct operation is not guaranteed if the Setup and Hold Times are not met. 


80C86 


Pin Description (continued) 


The following pin function descriptions are for 80C86 systems in either minimum or maximum mode. The “Local Bus” in these description is 
the direct multiplexed bus interface connection to the 80C86 (without regard to additional bus buffers). 


PIN 
SYMBOL NUMBER TYPE DESCRIPTION 


INTERRUPT REQUEST: is a level triggered input which is sampled during the last clock cycle 
of each instruction to determine if the processor should enter into an interrupt acknowledge op- 
eration. A subroutine is vectored to via an interrupt vector lookup table located in system mem- 
ory. It can be internally masked by software resetting the interrupt enable bit. 

INTR is internally synchronized. This signal is active HIGH. 


TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution continues, 
otherwise the processor waits in an “Idle” state. This input is synchronized internally during each 
clock cycle on the leading edge of CLK. 


NON-MASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system memory. NMI is 
not maskable internally by software. A transition from LOW to HIGH initiates the interrupt at the 
end of the current instruction. This input is internally synchronized. 


RESET: causes the processor to immediately terminate its present activity. The signal must tran- 
sition LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts execution, 
as described in the Instruction Set description, when RESET returns LOW. RESET is internally 
synchronized. 


CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 
33% duty cycle to provide optimized internal timing. 


VCC: +5V power supply pin. A 0.1p.F capacitor between pins 20 and 40 is recommended for de- 
coupling. 


GND: Ground. Note: both must be connected. A 0.1y.F capacitor between pins 1 and 20 is rec- 
ommended for decoupling. 


Minimum Mode System 


The following pin function descriptions are for the 80C86 in minimum mode (i.e., MN/MX = Vcc). Only the pin functions which are unique to 
minimum mode are described; all other pin functions are as described below. 


STATUS LINE: logically equivalent to S2 in the maximum mode. It is used to distinguish a mem- 
ory access from an I/O access. M/O becomes valid in the T4 preceding a bus cycle and remains 
valid until the final T4 of the cycle (M = HIGH, I/O = LOW). MAO is held to a high impedance logic 
one during local bus “hold acknowledge”. 


WRITE: indicates that the processor is performing a write memory or write I/O cycle, depending 
on the state of the M/IO signal. WR is active for T2, T3 and TW of any write cycle. It is active 


LOW, and is held to high impedance logic one during local bus “hold acknowledge”. 


INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3 and TW of each interrupt acknowledge cycle. Note that INTA is never 
floated. 


ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 
82C82/82C83 address latch. It is a HIGH pulse active during clock LOW of T1 of any bus cycle. 
Note that ALE is never floated. 
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Minimum Mode System (Continued) 


The following pin function descriptions are for the 80C86 in minimum mode (i.e., MN/MX = Vcc). Only the pin functions which are unique to 
minimum mode are described; all other pin functions are as described below. 


PIN 
SYMBOL NUMBER TYPE DESCRIPTION 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data bus 
HOLD 31, 30 
HLDA 


transceiver. It is used to control the direction of data flow through the transceiver. Logically, 
Maximum Mode System 


DT/R is equivalent to S17 in maximum mode, and its timing is the same as for M/O (T = HIGH, 
R = LOW). DT/R is held to a high impedance logic one during local bus “hold acknowledge”. 

The following pin function descriptions are for the 80C86 system in maximum mode (i.e., MN/MX - GND). Only the pin functions which are 

unique to maximum mode are described below. 


PIN 
SYMBOL NUMBER TYPE DESCRIPTION 


STATUS: is active during T4, T1 and T2 and is returned to the passive state (1, 1, 1) during T3 
or during TW when READY is HIGH. This status is used by the 82C88 Bus Controller to generate 
all memory and |/O access control signals. Any change by S2, S71 or SO during T4 is used to 
indicate the beginning of a bus cycle, and the return to the passive state in T3 or TW is used to 
indicate the end of a bus cycle. 


These signals are held at a high impedance logic one state during “grant sequence”. 


Cs] | __eeanacrensnies 
I 
OO GL 
es 


Ce 
SL 
2 


DATA ENABLE: provided as an output enable for a bus transceiver in a minimum system which 
uses the transceiver. DEN is active LOW during each memory and I/O access and for INTA cy- 
cles. For a read or INTA cycle it is active from the middle of T2 until the middle of T4, while for a 
write cycle it is active from the beginning of T2 until the middle of T4. DEN is held to a high im- 
pedance logic one during local bus “hold acknowledge”. 


HOLD: indicates that another master is requesting a local bus “hold”. To be an acknowledged, 
HOLD must be active HIGH. The processor receiving the “hold” will issue a “hold acknowledge” 
(HLDA) in the middle of a T4 or TI clock cycle. Simultaneously with the issuance of HLDA, the 
processor will float the local bus and control lines. After HOLD is detected as being LOW, the 
processor will lower HLDA, and when the processor needs to run another cycle, it will again drive 
the local bus and control lines. 


HOLD is not an asynchronous input. External synchronization should be provided if the system 
cannot otherwise guarantee the setup time. 
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Maximum Mode System (Continued) 


The following pin function descriptions are for the 80C86 system in maximum mode (i.e., MN/MX - GND). Only the pin functions which are 
unique to maximum mode are described below. 


PIN 
SYMBOL NUMBER TYPE DESCRIPTION 


RQ/GT0 31, 30 /O REQUEST/GRANT: pins are used by other local bus masters to force the processor to release 
RQ/GT1 the local bus at the end of the processor's current bus cycle. Each pin is bidirectional with 

RQ/GTO having higher priority than RQ/GT1. RQ/GT has an internal pull-up bus hold device so 

it may be left unconnected. The request/grant sequence is as follows (see RQ/GT Sequence 

Timing) 

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request (“hold”) 
to the 80C86 (pulse 1). 

2. During a T4 or TI clock cycle, a pulse 1 CLK wide from the 80C86 to the requesting master 
(pulse 2) indicates that the 80C86 has allowed the local bus to float and that it will enter the 
“grant sequence” state at the next CLK. The CPU’s bus interface unit is disconnected logi- 
cally from the local bus during “grant sequence”. 

3. A pulse 1 CLK wide from the requesting master indicates to the 80C86 (pulse 3) that the 
“hold” request is about to end and that the 80C86 can reclaim the local bus at the next CLK. 
The CPU then enters T4 (or TI if no bus cycles pending). 

Each Master-Master exchange of the local bus is a sequence of 3 pulses. There must be one 
idle CLK cycle after each bus exchange. Pulses are active low. 
If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T4 of the cycle when all the following conditions are met: 

. Request occurs on or before T2. 

. Current cycle is not the low byte of a word (on an odd address). 

. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

. A locked instruction is not currently executing. 
If the local bus is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next cycle. 

2. Amemory cycle will start within three clocks. Now the four rules for a currently active memory 
cycle apply with condition number 1 already satisfied. 


LOCK op LOCK: output indicates that other system bus masters are not to gain control of the system bus 


while LOCK is active LOW. The LOCK signal is activated by the “LOCK” prefix instruction and 
Qsi1,Qso | 24,25 : 


fon — 


remains active until the completion of the next instruction. This signal is active LOW, and is held 
at a high impedance logic one state during “grant sequence”. In MAX mode, LOCK is automat- 
ically generated during T2 of the first INTA cycle and removed during T2 of the second INTA 

cycle. 


QUEUE STATUS: The queue status is valid during the CLK cycle after which the queue opera- 
tion is performed. 

QS1 and QS0 provide status to allow external tracking of the internal 80C86 instruction queue. 
Note that QS1, QSO never become high impedance. 


fit ae 
ene. ee 
ee) ee 


Pdf ot Subsequent byte from queue 
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Functional Description 


Static Operation 


All 80C86 circuitry is of static design. Internal registers, 
counters and latches are static and require no refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on other microproces- 
sors. The CMOS 80C86 can operate from DC to the speci- 
fied upper frequency limit. The processor clock may be 
stopped in either state (HIGH/LOW) and held there indefi- 
nitely. This type of operation is especially useful for system 
debug or power critical applications. 


The 80C86 can be single stepped using only the CPU clock. 
This state can be maintained as long as is necessary. Single 
step clock operation allows simple interface circuitry to pro- 
vide critical information for bringing up your system. 


Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can provide 
extremely low power operation since 80C86 power dissipa- 
tion is directly related to operating frequency. As the system 
frequency is reduced, so is the operating power until, ulti- 
mately, at a DC input frequency, the 80C86 power require- 
ment is the standby current, (56001.A maximum). 


Internal Architecture 


The internal functions of the 80C86 processor are parti- 
tioned logically into two processing units. The first is the Bus 
Interface Unit (BIU) and the second is the Execution Unit 
(EU) as shown in the CPU functional diagram. 


These units can interact directly, but for the most part perform 
as separate asynchronous operational processors. The bus 
interface unit provides the functions related to instruction 
fetching and queuing, operand fetch and store, and address 
relocation. This unit also provides the basic bus control. The 
overlap of instruction pre-fetching provided by this unit serves 
to increase processor performance through improved bus 
bandwidth utilization. Up to 6 bytes of the instruction stream 
can be queued while waiting for decoding and execution. 


The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 2 bytes in the queue, the BIU will attempt 
a word fetch memory cycle. This greatly reduces “dead-time” 
on the memory bus. The queue acts as a First-In-First-Out 
(FIFO) buffer, from which the EU extracts instruction bytes 
as required. If the queue is empty (following a branch 
instruction, for example), the first byte into the queue imme- 
diately becomes available to the EU. 


The execution unit receives pre-fetched instructions from the 
BIU queue and provides un-relocated operand addresses to 
the BIU. Memory operands are passed through the BIU for pro- 
cessing by the EU, which passes results to the BIU for storage. 


Memory Organization 


The processor provides a 20-bit address to memory, which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 


code, data, extra and stack segments of up to 64K bytes 
each, with each segment falling on 16-byte boundaries. (See 
Figure 1). 


&  FFFFFH 


CODE SEGMENT 


XXXXOH 


STACK SEGMENT 


SEGMENT 
REGISTER FILE 
DATA SEGMENT 


TABLE 1. 


DEFAULT 
SEGMENT 


TYPE OF 
MEMORY 
REFERENCE 


FIGURE 1. 80C86 MEMORY ORGANIZATION 
BASE 


OFFSET 
Stack Operation | None 


Variable (except CS,ES,SS_ | Effective 
following) Address 
String Source | DS CS, ES, SS SE 
BP Used As Base CS,DS,ES | Effective 
Register Address 


[None 
All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of pro- 
grams. The segment register to be selected is automatically 
chosen according to the specific rules of Table 1. All informa- 
tion in one segment type share the same logical attributes 
(e.g. code or data). By structuring memory into re-locatable 
areas of similar characteristics and by automatically select- 
ing segment registers, programs are shorter, faster and 
more structured. (See Table 1). 


ALTERNATE 
SEGMENT 


BASE 


Word (16-bit) operands can be located on even or odd 
address boundaries and are thus, not constrained to even 
boundaries as is the case in many 16-bit computers. For 
address and data operands, the least significant byte of the 
word is stored in the lower valued address location and the 
most significant byte in the next higher address location. The 
BIU automatically performs the proper number of memory 
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accesses; one, if the word operand is on an even byte 
boundary and two, if it is on an odd byte boundary. Except 
for the performance penalty, this double access is transpar- 
ent to the software. The performance penalty does not occur 
for instruction fetches; only word operands. 


Physically, the memory is organized as a high bank (D15- 
D8) and a low bank (D7-D0O) of 512K bytes addressed in par- 
allel by the processor's address lines. 


Byte data with even addresses is transferred on the D7-DO 
bus lines, while odd addressed byte data (AO HIGH) is trans- 
ferred on the D15-D8 bus lines. The processor provides two 
enable signals, BHE and Ap, to selectively allow reading 
from or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched from 
memory as words and is addressed internally by the proces- 
sor at the byte level as necessary. 


In referencing word data, the BIU requires one or two memory 
cycles depending on whether the starting byte of the word is 
on an even or odd address, respectively. Consequently, in ref- 
erencing word operands performance can be optimized by 
locating data on even address boundaries. This is an espe- 
cially useful technique for using the stack, since odd address 
references to the stack may adversely affect the context 
switching time for interrupt processing or task multiplexing. 


Certain locations in memory are reserved for specific CPU 
operations (See Figure 2). Locations from address FFFFOH 
through FFFFFH are reserved for operations including a jump 
to the initial program loading routine. Following RESET, the 
CPU will always begin execution at location FFFFOH where 
the jump must be located. Locations OOO0OOH through OO3FFH 
are reserved for interrupt operations. Each of the 256 possible 
interrupt service routines is accessed thru its own pair of 16- 
bit pointers (segment address pointer and offset address 
pointer). The first pointer, used as the offset address, is 
loaded into the IP and the second pointer, which designates 
the base address is loaded into the CS. At this point program 
control is transferred to the interrupt routine. The pointer ele- 
ments are assumed to have been stored at the respective 
places in reserved memory prior to occurrence of interrupts. 


Minimum and Maximum Operation Modes 


The requirements for supporting minimum and maximum 
80C86 systems are sufficiently different that they cannot be 
met efficiently using 40 uniquely defined pins. Consequently, 
the 80C86 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, the 
80C86 defines pins 24 through 31 and 34 in maximum mode. 
When the MN/MX pin is strapped to Voc, the 80C86 gener- 
ates bus control signals itself on pins 24 through 31 and 34. 


The minimum mode 80C86 can be used with either a multi- 
plexed or demultiplexed bus. This architecture provides the 
80C86 processing power in a highly integrated form. 


The demultiplexed mode requires two 82C82 latches (for 64K 
addressability) or three 82C82 latches (for a full megabyte of 
addressing). An 82C86 or 82C87 transceiver can also be 
used if data bus buffering is required. (See Figure 6A.) The 


80C86 provides DEN and DT/R to control the transceiver, and 
ALE to latch the addresses. This configuration of the minimum 
mode provides the standard demultiplexed bus structure with 
heavy bus buffering and relaxed bus timing requirements. 


The maximum mode employs the 82C88 bus controller (See 
Figure 6B). The 82C88 decodes status lines SO, S1 and S2, 
and provides the system with all bus control signals. 


Moving the bus control to the 82C88 provides better source 
and sink current capability to the control lines, and frees the 
80C86 pins for extended large system features. Hardware 
lock, queue status, and two request/grant interfaces are pro- 
vided by the 80C86 in maximum mode. These features allow 
coprocessors in local bus and remote bus configurations. 


Bus Operation 


The 80C86 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This technique 
provides the most efficient use of pins on the processor 
while permitting the use of a standard 40 lead package. This 
“local bus” can be buffered directly and used throughout the 
system with address latching provided on memory and I/O 
modules. In addition, the bus can also be demultiplexed at 
the processor with a single set of 82C82 address latches if a 
standard non-multiplexed bus is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3 and T4 (see Fig- 
ure 3). The address is emitted from the processor during T1 
and data transfer occurs on the bus during T3 and T4. T2 is 
used primarily for changing the direction of the bus during 
read operations. In the event that a “NOT READY” indication 
is given by the addressed device, “Wait” states (TW) are 
inserted between T3 and T4. Each inserted wait state is the 
same duration as a CLK cycle. Periods can occur between 
80C86 driven bus cycles. These are referred to as idle” 
states (T)) or inactive CLK cycles. The processor uses these 
cycles for internal housekeeping and processing. 


During T1 of any bus cycle, the ALE (Address Latch Enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status infor- 
mation for the cycle may be latched. 


Status bits SO, S1 and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table 2. 


TABLE 2. 


Cs [8] chanacrenistics 


Write Data to Memory 
Passive (No Bus Cycle) 
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Status bits S3 through S7 are time multiplexed with high 
order address bits and the BHE signal, and are therefore 
valid during T2 through T4. S3 and S4 indicate which seg- 
ment register (see Instruction Set Description) was used for 
this bus cycle in forming the address, according to Table 3. 


S5 is a reflection of the PSW interrupt enable bit. S3 is 
always zero and S7 is a spare status bit. 


TABLE 3. 


i) | eres 
pe ae 
Re |. a 
ee 
2 i ee 


V/O Addressing 


In the 80C86, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The I/O 
address appears in the same format as the memory address 
on bus lines A15-A0. The address lines A19-A16 are zero in 
I/O operations. The variable |/O instructions which use regis- 
ter DX as a pointer have full address capability while the 
direct I/O instructions directly address one or two of the 256 
I/O byte locations in page 0 of the I/O address space. 


I/O ports are addressed in the same manner as memory loca- 
tions. Even addressed bytes are transferred on the D7-DO bus 
lines and odd addressed bytes on D15-D8. Care must be taken 
to ensure that each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 


FFFFFH RESET BOOTSTRAP 
FFFFOH PROGRAM JUMP 


3FFH 
3FCH 


TYPE 225 POINTER 
(AVAILABLE) 


AVAILABLE 
INTERRUPT 
POINTERS 
— TYPE 33 POINTER 
084H (AVAILABLE) 
TYPE 32 POINTER 
080H (AVAILABLE) 
TYPE 31 POINTER 
07FH (AVAILABLE) 
RESERVED 
INTERRUPT 
POINTERS 
(27) 
TYPE 5 POINTER 
014H (RESERVED) 
TYPE 4 POINTER 
010H OVERFLOW 
TYPE 3 POINTER 
00CH | 1 BYTE INT INSTRUCTION 
fecal TYPE 2 POINTER 
POINTERS 008H NON MASKABLE 
(5) TYPE 1 POINTER 
004H SINGLE STEP 
TYPE 0 POINTER ~ CS BASE ADDRESS 
000H DIVIDE ERROR ~~ OSereer 


|~—— 16ers —-—-»| 


FIGURE 2. RESERVED MEMORY LOCATIONS 
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FIGURE 3. BASIC SYSTEM TIMING 
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External Interface 


Processor RESET and Initialization 


Processor initialization or start up is accomplished with activa- 
tion (HIGH) of the RESET pin. The 80C86 RESET is required to 
be HIGH for greater than 4 CLK cycles. The 80C86 will termi- 
nate operations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset sequence for 
approximately 7 clock cycles. After this interval, the 80C86 
operates normally beginning with the instruction in absolute 
location FFFFOH. (See Figure 2). The RESET input is internally 
synchronized to the processor clock. At initialization, the HIGH- 
to-LOW transition of RESET must occur no sooner than 50us 
(or 4 CLK cycles, whichever is greater) after power-up, to allow 
complete initialization of the 80C86. 


NMI will not be recognized prior to the second CLK cycle follow- 
ing the end of RESET. If NMI is asserted sooner than nine clock 
cycles after the end of RESET, the processor may execute one 
instruction before responding to the interrupt. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating inputs to 
CMOS devices and to eliminate need for pull-up/down resistors, 
“bus-hold” circuitry has been used on the 80C86 pins 2-16, 26- 
32 and 34-39. (See Figure 4A and Figure 4B). These circuits 
will maintain the last valid logic state if no driving source is 
present (i.e., an unconnected pin or a driving source which 
goes to a high impedance state). To overdrive the “bus hold” cir- 
cuits, an external driver must be capable of supplying approxi- 
mately 400uA minimum sink or source current at valid input 
voltage levels. Since this “bus hold” circuitry is active and not a 
“resistive” type element, the associated power supply current is 
negligible and power dissipation is significantly reduced when 
compared to the use of passive pull-up resistors. 


r EXTERNAL 
ouTpuT ! PIN 
DRIVER 

I 
INPUT 
BUFFER , 

“ INPUT 

PROTECTION 
CIRCUITRY 


EXTERNAL 
PIN 


Vv 
output °° 
DRIVER 


INPUT 
PROTECTION 
CIRCUITRY 


FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32 


Interrupt Operations 


Interrupt operations fall into two classes: software or hard- 
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the Instruc- 
tion Set Description. Hardware interrupts can be classified 
as non-maskable or maskable. 


Interrupts result in a transfer of control to a new program loca- 
tion. A 256-element table containing address pointers to the 
interrupt service program locations resides in absolute loca- 
tions 0 through 3FFH, which are reserved for this purpose. 
Each element in the table is 4 bytes in size and corresponds 
to an interrupt “type”. An interrupting device supplies an 8-bit 
type number during the interrupt acknowledge sequence, 
which is used to “vector” through the appropriate element to 
the new interrupt service program location. All flags and both 
the Code Segment and Instruction Pointer register are saved 
as part of the INTA sequence. These are restored upon exe- 
cution of an Interrupt Return (IRET) instruction. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt pin 
(NMI) which has higher priority than the maskable interrupt 
request pin (INTR). A typical use would be to activate a 
power failure routine. The NMI is edge-triggered on a LOW- 
to-HIGH transition. The activation of this pin causes a type 2 
interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be syn- 
chronized to the clock. Any positive transition of NMI is 
latched on-chip and will be serviced at the end of the current 
instruction or between whole moves of a block-type instruc- 
tion. Worst case response to NMI would be for multiply, 
divide, and variable shift instructions. There is no specifica- 
tion on the occurrence of the low-going edge; it may occur 
before, during or after the servicing of NMI. Another positive 
edge triggers another response if it occurs after the start of 
the NMI procedure. The signal must be free of logical spikes 
in general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 


Maskable Interrupt (INTR) 


The 80C86 provides a single interrupt request input (INTR) 
which can be masked internally by software with the reset- 
ting of the interrupt enable flag (IF) status bit. The interrupt 
request signal is level triggered. It is internally synchronized 
during each clock cycle on the high-going edge of CLK. To 
be responded to, INTR must be present (HIGH) during the 
clock period preceding the end of the current instruction or 
the end of a whole move for a block type instruction. INTR 
may be removed anytime after the falling edge of the first 
INTA signal. During the interrupt response sequence further 
interrupts are disabled. The enable bit is reset as part of the 
response to any interrupt (INTR, NMI, software interrupt or 
single-step), although the FLAGS register which is automati- 
cally pushed onto the stack reflects the state of the proces- 
sor prior to the interrupt. Until the old FLAGS register is 
restored, the enable bit will be zero unless specifically set by 
an instruction. 


3-152 


80C86 


During the response sequence (Figure 5) the processor exe- 
cutes two successive (back-to-back) interrupt acknowledge 
cycles. The 80C86 emits the LOCK signal (Max mode only) 
from T2 of the first bus cycle until T2 of the second. A local 
bus “hold” request will not be honored until the end of the 
second bus cycle. In the second bus cycle, a byte is supplied 
to the 80C86 by the 82C59A Interrupt Controller, which iden- 
tifies the source (type) of the interrupt. This byte is multiplied 
by four and used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually responded 
to within the limitations of the enable bit and sample period. 
The INTERRUPT RETURN instruction includes a FLAGS 
pop which returns the status of the original interrupt enable 
bit when it restores the FLAGS. 


| t+ | t2 | 13 [ta |n| t1 | 12 | 73 | 1a | 


we [7 m 


ADO- FLOAT 
AD15 
FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE 


Halt 


When a software “HALT” instruction is executed the proces- 
sor indicates that it is entering the “HALT” state in one of two 
ways depending upon which mode is strapped. In minimum 
mode, the processor issues one ALE with no qualifying bus 
control signals. In maximum mode the processor issues 
appropriate HALT status on S2, S1, SO and the 82C88 bus 
controller issues one ALE. The 80C86 will not leave the 
“HALT” state when a local bus “hold” is entered while in 
“HALT”. In this case, the processor reissues the HALT indi- 
cator at the end of the local bus hold. An NMI or interrupt 
request (when interrupts enabled) or RESET will force the 
80C86 out of the “HALT” state. 


Read/Modify/Write (Semaphore) 


Operations Via Lock 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the execution 
of an instruction. This gives the processor the capability of per- 
forming read/modify/write operations on memory (via the 
Exchange Register With Memory instruction, for example) with- 
out another system bus master receiving intervening memory 
cycles. This is useful in multiprocessor system configurations to 
accomplish “test and set lock” operations. The LOCK signal is 
activated (forced LOW) in the clock cycle following decoding of 
the software “LOCK” prefix instruction. It is deactivated at the 
end of the last bus cycle of the instruction following the “LOCK” 
prefix instruction. While LOCK is active a request on a RQ/GT 
pin will be recorded and then honored at the end of the LOCK. 


External Synchronization Via TEST 


As an alternative to interrupts, the 80C86 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active (LOW). 
The execution of WAIT does not consume bus cycles once 
the queue is full. 


lf a local bus request occurs during WAIT execution, the 
80C86 three-states all output drivers while inputs and |/O 
pins are held at valid logic levels by internal bus-hold circuits. 
If interrupts are enabled, the 80C86 will recognize interrupts 
and process them when it regains control of the bus. The 
WAIT instruction is then refetched, and re-executed. 


TABLE 4. 80C86 REGISTER 


{ | SP] STACK POINTER 
| BP BASE POINTER 


SOURCE INDEX 


| sD ESTINATION INDEX 

{ [IP ——~—S=«s| INSTRUCTION POINTER 
| FLAGS, | FLAGS, | STATUS FLAG 
| -DS_———__s|_séDATA SEGMENT 
| SS] STACK SEGMENT 
| ES)~——s|saEXTRA SEGMENT 


Basic System Timing 


Typical system configurations for the processor operating in 
minimum mode and in maximum mode are shown in Figures 
6A and 6B, respectively. In minimum mode, the MN/MX pin 
is strapped to VCC and the processor emits bus control sig- 
nals (e.g. RD, WR, etc.) directly. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded status information which the 82C88 bus controller 
uses to generate MULTIBUS compatible bus control signals. 
Figure 3 shows the signal timing relationships. 


System Timing - Minimum System 


The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low-going) 
edge of this signal is used to latch the address information, 
which is valid on the address/data bus (ADO-AD15) at this 
time, into the 82C82/82C83 latch. The BHE and AO signals 
address the low, high or both bytes. From T1 to T4 the M/O 
signal indicates a memory or I/O operation. At T2, the 
address is removed from the address/data bus and the bus 
is held at the last valid logic state by internal bus hold 
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devices. The read control signal is also asserted at T2. The 
read (RD) signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later, valid data 
will be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns the 
read signal to a HIGH level, the addressed device will again 
three-state its bus drivers. If a transceiver (82C86/82C87) is 
required to buffer the 80C86 local bus, signals DT/R and 
DEN are provided by the 80C86. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The M/IO signal is again asserted 
to indicate a memory or I/O write operation. In T2, immedi- 
ately following the address emission, the processor emits 
the data to be written into the addressed location. This data 
remains valid until at least the middle of T4. During T2, T3 
and TW, the processor asserts the write control signal. The 
write (WR) signal becomes active at the beginning of T2 as 
opposed to the read which is delayed somewhat into T2 to 
provide time for output drivers to become inactive. 


The BHE and AO signals are used to select the proper 
byte(s) of the memory/lO word to be read or written accord- 
ing to Table 5. 


TABLE 5. 


(eRe a0 [cnanacrenisnics 
a 
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[72 [towerBveFonvTo Even Aasess 
he eee 
I/O ports are addressed in the same manner as memory 


location. Even addressed bytes are transferred on the D7-D0O 
bus lines and odd address bytes on D15-D8. 


The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge sig- 
nal (INTA) is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by internal 
bus hold devices. (See Figure 4). In the second of two suc- 
cessive INTA cycles a byte of information is read from the 
data bus (D7-D0) as supplied by the interrupt system logic 
(i.e., 82C59A Priority Interrupt Controller). This byte identi- 
fies the source (type) of the interrupt. It is multiplied by four 
and used as a pointer into an interrupt vector lookup table, 
as described earlier. 


Bus Timing - Medium Size Systems 


For medium complexity systems the MN/MX pin is con- 
nected to GND and the 82C88 Bus Controller is added to the 
system as well as an 82C82/82C83 latch for latching the 
system address, and an 82C86/82C87 transceiver to allow 
for bus loading greater than the 80C86 is capable of han- 
dling. Signals ALE, DEN, and DT/R are generated by the 
82C88 instead of the processor in this configuration, 
although their timing remains relatively the same. The 
80C86 status outputs (S2, S1 and SO) provide type-of-cycle 
information and become 82C88 inputs. This bus cycle infor- 
mation specifies read (code, data or I/O), write (data or I/O), 
interrupt acknowledge, or software halt. The 82C88 issues 
control signals specifying memory read or write, I/O read or 
write, or interrupt acknowledge. The 82C88 provides two 
types of write strobes, normal and advanced, to be applied 
as required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not valid at 
the leading edge of write. The 82C86/82C87 transceiver 
receives the usual T and OE inputs from the 82C88 DT/R 
and DEN signals. 


The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can be derived from an 
82C59A located on either the local bus or the system bus. If 
the master 82C59A Priority Interrupt Controller is positioned 
on the local bus, the 82C86/82C87 transceiver must be dis- 
abled when reading from the master 82C59A during the 
interrupt acknowledge sequence and software “poll”. 


3-154 


80C86 


Vcc 
e Vec 
te 
-———<—<—94 
| pPesede es DENEesas | 
' owar Zz 
GND ! state! rt 
! GENERATOR! 80C86 i 
' : CPU 
bBewaweses w= Jd 
GND] apo-AD15 ADDR ! 
7 A16-A19 K _ADDRIDATA 
a is ee 
Gnp -BHE 
— C2 J " hab ao - 
I i T ig 
40 baw a OF a 
t 5 DATA 
=C2=0. 82C86 i 
C1 = C2=0.1pF ITRANSCEIVER! 5 ; 
(2) § sBHE | | 5 | 1 | 
ta 
Buauwuauaaea @é arse 
OPTIONAL E, WG E CS RDWR 
FOR INCREASED HM-6516 HM-6616 CMOS 
DATA BUS DRIVE CMOS RAM CMOS PROM (2) 82CXX 
PERIPHERALS 
FIGURE 6A. MINIMUM MODE 80C86 TYPICAL CONFIGURATION 
Vcc 0 


BUS 
RES ae 
DEN 
orm a 
it fe nl i CPU ALE 


eno ' MWA | 


1 STATE 14 
» GENERATOR, 
i i 
1 
Veo =O a | a a 7 
20 
= C2 
i DATA 
5 mal { 
E wea E G||cs mown 
HM-65162 M-661 CMOS 
CMOS RAM CMOS PROM (2) 82CX 


FIGURE 6B. MAXIMUM MODE 80C86 TYPICAL CONFIGURATION 
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Absolute Maximum Ratings Thermal Information 


BUDO MS a ctx etaec wad ewan teow eR aSwens ee se +8.0V Thermal Resistance (Typical, Note 1) Ba (CCIW) Bj (°C/W) 
Input, Output or I/O Voltage ............ GND -0.5V to Vcc +0.5V PDIP Package .............00008. 50 N/A 
Storage Temperature Range ................. -65°C to +150°C PLCC Package ............0.000. 46 N/A 
Junction Temperature SBDIP Package................-- 30 6 
Coramic Packages .. 2... 0c0cseesuterevns exer eves +175°C CLCC Package ............0.000- 40 6 
Plastic Packages. ......... 0. eee cece eee eee ene 150°C Gas COUN soci cc cveswsenwsnweeeevscweareunvds 9750 Gates 
Lead Temperature (Soldering 10s).................... +300°C 
(Lead tips only for surface mount packages) 
Eat) CSSeCSUON ooo e can Seewies sues seek dacenwdes Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6, is measured with the component mounted on an evaluation PC board in free air. 


Operating Conditions 


Operating Supply Voltage..................0.. +4.5V to +5.5V Operating Temperature Range: C80C86/-2 ........ 0°C to +70°C 
M80C86-2 ONLY........... 0.0. eee eee +4.75V to +5.25V ot oS ee eer -40°C to +85°C 
MON ey ods a cds Cader eXk Grane aeons nes -55°C to +125°C 


DC Electrical Specifications Voc =5.0V,+10%; Ty = 0°C to +70°C (C80C86, C80C86-2) 


Voc= 5.0V, +10%; Ty = -40°C to +85°C (I80C86, 180C86-2) 
Voc = 5.0V, +10%; Ty = -55°C to +125°C (M80C86) 
Voc = 5.0V, 5%; Ty = -55°C to +125°C (M80C86-2) 


SYMBOL PARAMETER | MIN |) MAX | UNITS TEST CONDITION 
Vin Logical One V C80C86, I80C86 (Note 5) 
Input Voltage V M80C86 (Note 5) 


Vitc CLK Logical Zero Input Voltage aa 


lou = -2.5mA 


Vou 
VoL Output Low Voltage 


Input Current-Bus Hold High 


IBHL 


Output Leakage Current 


locsB 


lccop 


Operating Power Supply Current 


Capacitance T, = 25°C 


SYMBOL 


Input Capacitance 


Court 
C 


NOTES: 


Cin 
Me) 


I/O Capacitance 


on & WOW MY 


. MN/MX is a strap option and should be held to Voc or GND. 


Output High Voltage 3.0 
Voc -0.4 
Input Leakage Current 1 


Input Current-Bus Hold Low 
Standby Power Supply Current fo * | 


i (25 [F | FREG Tre Aoasuromens aro eferancodtodovice GND 
[oupaCaractance | 28 | _oF | FREG= Miz. Al measurements are referenced o device GND 


. IBHH should be measured after raising Vy to Voc and then lowering to 3.0V on the following pins 2-16, 26-32, 34-39. 

. IBHL should be measured after lowering V;y to GND and then raising to 0.8V on the following pins: 2-16, 34-39. 

. ICCSB tested during clock high time after halt instruction executed. Vij, = Veg or GND, Voc = 5.5V, Outputs unloaded. 

. 10 should be measured by putting the pin in a high impedance state and then driving Voyz to GND on the following pins: 26-29 and 32. 


low = -100nA 


V 
Pins 17-19, 21-23, 33 


Vout = GND (Note 4) 
Vcc = - 5.5V (Note 3) 


mA/MHz FREQ = Max, VIN = Voc or GND, 
Outputs Open 


TEST CONDITIONS 
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AC Electrical Specifications Voc = 5.0V +10%; Ty = 0°C to +70°C (C80C86, C80C86-2) 
Voc = 5.0V +100%; Ty = -40°C to +85°C (I80C86, I80C86-2) 
Voc = 5.0V 100%; Ty = -55°C to +125°C (M80C86) 
Voc = 5.0V +5%; Ta = -55°C to +125°C (M80C86-2) 


80C86-2 


MINIMUM COMPLEXITY SYSTEM 


eo 
o 
Q 
oo 
Oo 


TEST 


UNITS CONDITIONS 


SYMBOL PARAMETER p MINS 
TIMING REQUIREMENTS 
far Tear [arom 
[a [rem [eae 
[efor 
} (6) | Tevct | CLK Fall Time 


(6) TDVCL_ | Data In Setup Time 


(7) 
(8) | TRIVCL 


125 


10 From 1.0V to 3.5V 


From 3.5V to 1.0V 


TCLDX1 | Data In Hold Time 


RDY Setup Time into 82C84A 
(Notes 7, 8) 


RDY Hold Time into 82C84A 
(Notes 7, 8) 


(9) | TCLR1X 


(10) | TRYHCH | READY Setup Time into 80C86 


TCHRYX | READY Hold Time into 80C86 


~-_ 
—_ 
—_ 
— 


(12) | TRYLCL | READY Inactive to CLK (Note 9) 


(13) THVCH | HOLD Setup Time 


an 


(14) | TINVCH | INTR, NMI, TEST Setup Time 
(Note 8) 


Input Rise Time (Except CLK) 
TIMING RESPONSES 
ee 


From 0.8V to 2.0V 


From 2.0V to 0.8V 


110 10 C, = 100pF 

C, = 100pF 
TCL C, = 100pF 
C, = 100pF 


10 C, = 100pF 


TCLCH-10 


C, = 100pF 
C, = 100pF 


=" 
are 
oO 
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AC Electrical Specifications V¢¢ = 5.0V 10%; T, = 0°C to +70°C (C80C86, C80C86-2) 
Voc = 5.0V +100%; Ty = -40°C to +85°C (180C86, 180C86-2) 
Voc = 5.0V +100%; Ty = -55°C to +125°C (M80C86) 
Voc = 5.0V +5%; Ta = -55°C to +125°C (M80C86-2) (Continued) 


80C86 80C86-2 
TEST 
p MIN CONDITIONS 


MINIMUM COMPLEXITY SYSTEM 


SYMBOL PARAMETER 


1 
1 


C, = 100pF 
C, = 100pF 


C, = 100pF 


| Ta [amaenwncone a 
(34) RD Inactive Delay p10 150 | 10 | 80 
= _ 
2TCLCL-50 -— 

— 

toed 


Cc. = 1 OOpF 
C 


L = 100pF 


C, = 100pF 


C, = 100pF 


(38) 2TCLCL-60 2TCLCL-40 


NOTES: 
7. Signal at 82C84A shown for reference only. 


20 


Nh 
fo) 


5 


8. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
9. Applies only to T2 state (8ns into T3). 
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Waveforms 
T1 T2 T3 T4 
(5) tw 
a et 
CLK (82C84A OUTPUT) 


“ 2s se 


(26) TCLDV (17) 
(18) TCLAX TCLAV 


BHEIS7, A1O/S6-A16/S3 Gt 4 i 
(23) TCLLH > : 
ALE 


TRIVCL (8) 
RDY (82C84A INPUT) BRN LSS 


SEE NOTE 
TRYLOL — 


fe 
Se CHRYX 


(10) 
—> | TRYHCH |=<— 


READY (80C86 INPUT) 


CMOS 
uPROCESSORS 


16 
a Ieee <— DVL 


AD15-ADO Pg AD15-ADO DATA in|) 


(32) TAZRL —> M TRHAV — —_ |(35) 
RD 
READ CYCLE \ TRLRH 4 
(WR, INTA = Von) (37) aad cHCTV 
DT/R 
(29) TCVCTV —=| |- TCVCTX —> 
(31) 
DEN A 3 


FIGURE 7A. BUS TIMING - MINIMUM MODE SYSTEM 
NOTE: Signals at 82C84A are shown for reference only. RDY is sampled near the end of T2, T3, TW to determine if TW machine states are 
to be inserted. 
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Waveforms (Continued) 


T1 T2 T3 Tw T4 


| 
(4) (5) 
TCH1CH2 “TCL2cL1 


TeLBy 
17 <i 
mye oP TcLDx2 


worn | Xm KL | mor | dT dt‘ 


TWHDX —+! (28) 
WRITE CYCLE (31) TCVCTX 
(RD, INTA, DEN 


CLK (82C84A OUTPUT) 


DT/R = Von) 

WA 

AD15-AD0 

INTA CYCLE aes 
(SEE NOTE) 
(RD, WR = Vox 

BHE = Vo,) INTA 

DEN 
SOFTWARE 
HALT - 

DEN, RD, AD15-ADO me < INVALID ADDRESS SOFTWARE HALT 
WR, INTA = Voy TCLAV |a—p] 


DT/R = INDETERMINATE : 


FIGURE 7B. BUS TIMING - MINIMUM MODE SYSTEM 
NOTE: Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus is floating during both INTA cycles. Control signals are shown 
for the second INTA cycle. 


3-160 


80C86 


AC Electrical Specifications Voc =5.0V+10% Ts =0°C to +70°C (C80C86, C80C86-2) 
Voc = 5.0V +10%; Ta = -40°C to +85°C (180C86, I80C86-2) 
Voc = 5.0V +10%; Ta = -55°C to +125°C (M80C86) 
Voc = 5.0V +5%; Ty = -55°C to +125°C (M80C86-2) 

MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 


0 
@ 
® 
m : 


(8) TRIVCL_ | RDY Setup Time into 82C84A 
(Notes 10, 11) 

(9) | TCLR1X | RDY Hold Time into 82C84A 
(Notes 10, 11) 


80C86-2 


UNITS | TEST CONDITIONS 
From 1.0V to 3.5V 
From 3.5V to 1.0V 


1 


= 


4) 10 


oi 


—_ | — | — 
— 


8 
0 
0 


fe) G 

oa oO 
z= 

n 


(10) | TRYHCH | READY Setup Time into 80C86 118 
(11) | TCHRYX | READY Hold Time into 80C86 0 
(13) | TINVCH | Setup Time for Recognition (INTR, 0 
NMI, TEST) (Note 11) 


(12) |} TRYLCL | READY Inactive to CLK (Note 12) 
(14) | TGVCH_ | RO/GT Setup Time 30 


(15) | TCHGX | RQ Hold Time into 80C86 (Note 13) 40 | TCHCL+ 


(16) TILIH Input Rise Time (Except CLK) 
(17) TIHIL Input Fall Time (Except CLK) 


TIMING RESPONSES 


(18) TCLML | Command Active Delay (Note 10) 

19) TCLMH | Command Inactive (Note 10) 

(20) |} TRYHSH | READY Active to Status Passive 
(Notes 12, 14) 

(21) TCHSV_ | Status Active Delay 

(22) TCLSH | Status Inactive Delay (Note 14) 


3 
3 


ma 
_ 
= 
a 
se 
a 
ee 
| |e 
— 
a 
a 
|" 
Ts 
30 


=e 
oO 


1 
1 
15 From 0.8V to 2.0V 
15 ns From 2.0V to 0.8V 


C, = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


C, = 100pF for All 
80C86 Outputs (in 
Addition to 80C86 
Self Load) 


C. = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


C. = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


C. = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


Ww 
oO 


5 
5 
5 
5 


~_ 


1 
1 
3 
3 
1 
1 


a 
a 
10 
30 


joi 
oO 
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AC Electrical Specifications Voc =5.0V+10% Ty, = 0°C to +70°C (C80C86, C80C86-2) 

Voc = 5.0V +10%; Ty = -40°C to +85°C (180C86, 180C86-2) 

Voc = 5.0V 10%; Ta = -55°C to +125°C (M80C86) 

Voc = 5.0V 5%; Ty = -55°C to +125°C (M80C86-2) (Continued) 
MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 


TIMING REQUIREMENTS 80C86 80C86-2 
| SYMBOL | PARAMETER Ee eS UNITS | TEST CONDITIONS 

(23) ae Address Valid Delay C. = 100pF for All 
80C86 Outputs (in 
Addition to 80C86 
Self Load) 

(24) TCLAX | Address Hold Time C, = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 

(25) Address Float Delay C. = 100pF for All 
80C86 Outputs (in 
Addition to 80C86 
Self Load) 

(26) TCHSZ_ | Status Float Delay C, = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 

(27) | TSVLH_ | Status Valid to ALE High (Note 10) 

(28) | TSVMCH | Status Valid to MCE High (Note 10) 

(29) TCLLH_ | CLK low to ALE Valid (Note 10) 

(30) | TCLMCH | CLK low to MCE High (Note 10) 

(31) TCHLL ALE Inactive Delay (Note 10) 

TCLMCL | MCE Inactive Delay (Note 10) 

(33) TCLDV Data Valid Delay 

(34) | TCLDX2 


Self Load) 


C, = 100pF for All 
80C86 Outputs (in 
Addition to 80C86 
Self Load) 


C, = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


C. = 100pF for All 
80C86 Outputs (in 
Addition to 80C86 
Self Load) 


C. = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


C. = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


C. = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


C, = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


C. = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


_— et Ly 
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AC Electrical Specifications Voc =5.0V+10% Ts =0°C to +70°C (C80C86, C80C86E-2) 
Voc = 5.0V 10%; Ty = -40°C to +85°C (180C86, I80C86-2) 
Voc = 5.0V 10%; Ty = -55°C to +125°C (M80C86) 
Voc = 5.0V 5%; Ty = -55°C to +125°C (M80C86-2) (Continued) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 


TIMING REQUIREMENTS 80C86 80C86-2 
| SYMBOL | PARAMETER Lhe UNITS | TEST CONDITIONS 


ene TCVNV_ {| Control Active Delay (Note 10) 5 45 C, = 100pF for All 
80C86 Outputs (In 
Addition to 80C86 
Self Load) 


Sa 

GT] Ta [Resse FoatwReasaawe [ot | © | | [C= io0pr 

SG 

G[ TORK [AO Ieweoey | TSO | me [Gtr 
(Note 10) 

(42) Direction Control Inactive Delay on al cl oll cn 
teks 

raf eet [eracwepaey | | fe | [or 

aa ToGH [eTiemvepey | | em | Oo | [me [nor 

a la 2 ld 

46) a 

Te SS ae ae i ee a ee 


NOTES: 

10. Signal at 82C84A or 82C88 shown for reference only. 

11. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

12. Applies only to T2 state (8ns into T3). 

13. The 80C86 actively pulls the RQ/GT pin to a logic one on the following clock low time. 

14. Status lines return to their inactive (logic one) state after CLK goes low and READY goes high. 
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Waveforms 
Ty ( 4) T2 T3 T4 
(1) TCH1 _— (5) 
<a— TCLCL TCL2CL1 Ty 
~ is fe 
(23) 
aso, QS1 


en) ToHsv—~ SS eee Bac Be 


6,51, S0(EXCEPTHAL a tecvorey % 


(23) TCLAV TCLDV TCLAV—> | (23) 
TCLAX 
BHE/S7, A19/S6-A16/S3 ( BHE, A19-A16 ) A19-A16 Cc] of tl S7-S3 eS 


ee 
(27) 
ALE (82C88 OUTPUT) ve) 


NOTE 
= 
RY (82C84 INPUT) : YR 
RYLCL 
READY 80C86 INPUT) TRYHSH —s TCHRYX 
(24) (20) 
—xTCLA 
READ CYCLE TCLAV—+z| (23) |< 
L. TRHAV—s| (40) 
RD (42) 
(41) TCHDTL —» <«— TCHDTH 
DT/R 
TCLML (18) TCLM 
82C88 
OUTPUTS MRDC OR IORC 
SEE NOTES 
15, 16 
gsyromw a] |e 
DEN - 
TCVNX (36) |j<— 
FIGURE 8A. BUS TIMING - MAXIMUM MODE (USING 82C88) 
NOTES: 


15. Signals at 82C84A or 82C88 are shown for reference only. RDY is sampled near the end of T2, T3, TW to determine if TW machine states 
are to be inserted. 


16. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA, and DEN) lags the active 
high 82C88 CEN. 


17. Status inactive in state just prior to T4. 
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Waveforms (Continued) 


CLK 


52,51,socexcepruac) | \ | tt OY, a 
| 
WRITE CYCLE 


arsADo | TKD 


EN | 
kn TCLMH 
PUTS HOT] [at a 
OUTPUTS aE ye) TER 7 
iid eee ln 
18, 19 


MWTC OR IOWC 


INTA CYCLE 


AD15-AD0 
(SEE NOTES 21, 22) 


(25) TCLAZ =<— TCLDX1 (7) 


, q q = 
AD15-AD0 La POINTER ¢ 
a ieee 


CMOS 
uPROCESSORS 


(28) TSVMCH 


. 
. 


MCE/PDEN 


me TF 
82C88 OUTPUTS 
a 18) TCLML —» / 


EN 
TCVNX <i 
SOFTWARE (36) 


HALT - RD, MRDC, IORC, MWTC, AMWC, IOWC, AIOWC, INTA, SO, S1 = VOH 


AD15-ADO INVALID ADDRESS 


TCHSV TCLSH 
(21) (22) 


FIGURE 8B. BUS TIMING - MAXIMUM MODE (USING 82C88) 
NOTES: 
18. Signals at 82C84A or 82C86 are shown for reference only. 


19. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the active 
high 82C88 CEN. 


20. Status inactive in state just prior to T4. 
21. Cascade address is valid between first and second INTA cycles. 


22. Two INTA cycles run back-to-back. The 80C86 local ADDR/DATA bus is floating during both INTA cycles. Control for pointer address is 
shown for second INTA cycle. 
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Waveforms (Continued) 


<—TGVCH (14) ~"j 
'<¢—TCHGX (15) 


TCLGH (44) 
<—— 


PULSE 2 
80C86 GT 


RQ/GT | PULSE 1 PULSE 3 
1 COPROCESSOR COPROCESSOR 
PREVIOUS GRANT RO —r| |< TCLAZ (25) RELEASE 
AD15-AD0 80C86 COPROCESSOR 
SSIES RAN AR NO A REI AER ARNIS ence ana 
TCHSV (21) 
oy —s|  |<— TCHSZ (26) (SEE NOTE) —> 
RD, LOGK SSeS ah: PARAMETER oan RRM ate eae a a a Aaa EE ne er er Sees, (| 
BHE/S7, A19/S0-A16/S3 
§2, $1 ‘ So a eae eee a ee ee Me a ee Oe ee ee ee ee 


NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. 
FIGURE 9. REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


2 1CLK 
CYCLE 


—_— THVCH (13) | —> —=— THVCH (13) 
HOLD b 


HLDA 


| e| |ae— TCLAZ (19) 


| oD 


AD15-ADO 80C86 


BHE/S7, A19/S6-A16/S3 
RD, WR, MAO, DT/R, DEN 


1OR 2 


— >| CYCLES 


<= TCLHAV (36) 


<e— TCLHAV (36 te 


COPROCESSOR < 80C86 
=<— TCHSZ (20) —wr| |<— TCHSV (21) 


FIGURE 10. HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


CLK 


(13) 
NMI —>| |“*— TINVCH (SEE NOTE) 


INTR SIGNAL 


TEST 


NOTE: Setup requirements for asynchronous signals only to guar- 
antee recognition at next CLK. 


FIGURE 11. ASYNCHRONOUS SIGNAL RECOGNITION 


—z| ANY CLK CYCLE | <«.— 


—/| ANY CLK CYCLE|<«— 


FIGURE 12. BUS LOCK SIGNAL TIMING (MAXIMUM MODE 
ONLY) 
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Waveforms (Continued) 


Vcc 


CLK 


(7) TCLDX1 


(6) TOVCL —= 
RESET 
>4 CLK CYCLES 
FIGURE 13. RESET TIMING 
AC Test Circuit 
OUTPUT FROM 
DEVICE UNDER TEST | Test Poss! 
i C, (SEE NOTE) 
NOTE: Includes stay and jig capacitance. 
AC Testing Input, Output Waveform 
INPUT OUTPUT 
Vin + 20% Vin 
V, 
1.5V 1.5V hai 
Voi 
Vit. - 50% Vip 


NOTE: AC Testing: All input signals (other than CLK) must switch between Vj; wax -50% Vi, and Vinmin +20% Vip. CLK must switch between 
0.4V and V¢co.-0.4 Input rise and fall times are driven at 1ns/V. 


3-167 


CMOS 
uPROCESSORS 


80C86 


Burn-In Circuits 


MD80C86 CERDIP 
Cc 

f— GND 

GND “RIO Voc [ nIo \c° 
GND —— AD15 [39 aay ee 
Vou. ae AD16 [39 = Veen 
GND —— no. Voor 
GND “10 ae RO co? 
Ve. Fo uta RO Vcc? 
GND BHE |34 Vecr 
GND ais MX 33} == GND 
GND — RD [32 al Voc 
Vou Trio oA Ro ‘ct 
Vet Rai [30 RO. VCL 
Ve ne 29 aa Vecrz 
OPEN S2 [28 Vecre 
OPEN $1 [27 Se Voor 
OPEN 26 RO Veen 
OPEN Qso |25 BO Voor 
GND Qs2 [24 is Veen 
GND TEST [23 GND 

Fy oe READY [22 BL We, 
GND RESET [21 Rl NODE 
FROM 

PROGRAM 
CARD 
NOTES: COMPONENTS: 


Voc = 5.5V +0.5V, GND = OV. 

Input voltage limits (except clock): 

Vii (maximum) = 0.4V 

Vin (minimum) = 2.6V, Viy (clock) = (Vcc -0.4V) minimum. 

Vocp is external supply set to 2.7V +10%. 

Vet is generated on program card (Vcc - 0.65V). 

Pins 13 - 16 input sequenced instructions from internal hold devices. 
Fo = 100kHz +10%. 

Node (A) = a 40us pulse every 2.56ms. 


RI = 10kQ +5%, 1/4W 
RO = 1.2kQ +5%, 1/4W 
RIO = 2.7kQ +5%, 1/4W 
RC = 1kQ + 5%, 1/4W 
C = 0.01pF (Minimum) 


AF Aah = 
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Burn-In Circuits (continued) 
MR80C86 CLCC 


a0 On 1000 a Nie 


BS Reed heed bed 


Le 
L 
zi 
ad 
Ee 


o8 
ra 


2 


a6 
a he 


Dig 


t 
[* 


iy 
ha ae 


GND 


CMOS 
uPROCESSORS 


(A) (FROM PROGRAM CARD) 


NOTES: COMPONENTS: 


Voc = 5.5V +0.5V, GND = OV. RI = 10kQ +5%, 1/4W 
Input voltage limits (except clock): RO = 1.2kQ +5%, 1/4W 
Vit (maximum) = 0.4V RIO = 2.7kQ +5%, 1/4W 
Vin (minimum) = 2.6V, Vi (clock) = (Vcc -0.4V) minimum. RC = 1kQ + 5%, 1/4W 
Vocye is external supply set to 2.7V +10%. C = 0.01pnF (Minimum) 
Vo, is generated on program card (Vcc - 0.65V). 

Pins 13 - 16 input sequenced instructions from internal hold devices. 

Fo = 100kHz 10%. 

Node (A) = a 40us pulse every 2.56ms. 


oS © Nos 
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Metallization Topology 


DIE DIMENSIONS: GLASSIVATION: 
249.2 x 290.9 x 19 Type: Nitrox uh iwck 
: j 
METALLIZATION: Thickness: 10k £2 
Type: Silicon - Aluminum WORST CASE CURRENT DENSITY: 
Thickness: 11kA +2kA 1.5 x 10° A/em2 


Metallization Mask Layout 
80C86 


AD11 AD12 AD13 AD14 GND Vec AD15 A16/S3 A17/S4 A18/S5 


A19/S6 
AD10 hy Bia pepcteettceeeeetce ean, 
AD9 BHE/S7 
MN/MX 
AD8 ; a 
F i 
AD7 ie | RD 
hs a 
i | a — 
AD6 Hb ait ' 3 RQ/GTO 
r a 
AD5 A 
: |i 
He — sp wae | = RQ/GT1 
: E 3 bait th af = : iTS zs Se 
| eee de 
ia he = ‘ : = rea = - iNt4 ; yee , eer ES ee = {= 
ADS BOE ee I) ies Recretereeseens a KET] LOCK 
4 # : i nie “ry 
5 
2 mart 52 
AD2 eal] 
= 
ie 
1 — 
ig, $1 
AD1 == 
| jc 
ADO 3} She Hier Bag clay ES) So 


NMI INTR CLK GND RESET READY TEST QS1 QSO 
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Instruction Set Summary 


INSTRUCTION CODE 
ci hc sa te 
DATA TRANSFER 
MOV = MOVE: 


Register/Memory to/from Register 
Immediate to Register | 1011wreg | data = | dataifwt | 
Register/Memory to Segment Register +t 
Segment Register to Register/Memory 


PUSH = Push: 
Register/Memory 111111141 mod 1 1 0 r/m 
Register 01010reg 


Segment Register 


000reg110 


POP = Pop: 
Register/Memory 10001111 mod 0 0 0 r/m 
Register 01011 reg 


Segment Register 
XCHG = Exchange: 
Register/Memory with Register 


000reg111 


1000011w 
10010reg 


CMOS 
uPROCESSORS 


Register with Accumulator 


IN = Input from: 


Fixed Port 1110010w 
Variable Port 1110110w 


OUT = Output to: 


Fixed Port port 
Variable Port 
XLAT = Translate Byte to AL 
LEA = Load EA to Register2 mod reg r/m 
LDS = Load Pointer to DS mod reg r/m 
LES = Load Pointer to ES mod reg r/m 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


ARITHMETIC 
ADD = Add: 
Register/Memory with Register to Either 


100000sw mod 00 0 r/m | data data if s:w = 01 
0000010w | data data if w = 1 


Immediate to Register/Memory 


Immediate to Accumulator 
ADC = Add with Carry: 


Register/Memory with Register to Either 
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Instruction Set Summary (Continued) 


MNEMONIC AND DESCRIPTION 


Immediate to Register/Memory 
Immediate to Accumulator 

INC = Increment: 
Register/Memory 

Register 

AAA = ASCIl Adjust for Add 

DAA = Decimal Adjust for Add 
SUB = Subtract: 

Register/Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 

SBB = Subtract with Borrow 
Register/Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 

DEC = Decrement: 
Register/Memory 

Register 

NEG = Change Sign 

CMP = Compare: 
Register/Memory and Register 
Immediate with Register/Memory 
Immediate with Accumulator 

AAS = ASCIl Adjust for Subtract 
DAS = Decimal Adjust for Subtract 
MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 
AAM = ASCII Adjust for Multiply 
DIV = Divide (Unsigned) 

IDIV = Integer Divide (Signed) 
AAD = ASCIl Adjust for Divide 
CBW = Convert Byte to Word 
CWD = Convert Word to Double Word 


LOGIC 

NOT = Invert 

SHL/SAL = Shift Logical/Arithmetic Left 
SHR = Shift Logical Right 


SAR = Shift Arithmetic Right 

ROL = Rotate Left 

ROR = Rotate Right 

RCL = Rotate Through Carry Flag Left 


80C86 


INSTRUCTION CODE 


76543210 76543210 76543210 76543210 
100000sw mod 0 10 r/m data if s:w = 01 
0001010w | data data if w = 1 


1111111Ww mod 000 r/m 


01000reg 
00110111 
00100111 


100000sw mod 10 1 ¢r/m data if s:w = 01 
0010110w | data | data if w = 1 


100000sw mod 011 1/m data if s:w = 01 
0001110w data if w = 1 


1111111w mod 00 1 r/m 
01001 reg 
1111011w | mod0111¢/m 


100000sw mod 111 4/m data if s:w = 01 
0011110w | data data if w = 1 


00111111 
00101111 
1111011w 


mod 100 r/m 
mod 10 1 r/m 
00001010 
mod 110 r/m 
mod 11 1 r/m 
00001010 


11010100 
1111011w 
1111011w 
11010101 
10011000 
10011001 


1111011Ww mod 0 10 r/m 


110100Vvw 
110100Vvw 
110100Vvw 
110100Vvw 
110100vw 
110100Vvw 
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mod 100 r/m 
mod 10 1 r/m 
mod 111 r/m 
mod 000 r/m 
mod 00 1 r/m 
mod 0 10 r/m 


80C86 


Instruction Set Summary (Continued) 


INSTRUCTION CODE 


MNEMONIC AND DESCRIPTION 
RCR = Rotate Through Carry Right 
AND = And: 
Reg./Memory and Register to Either 
Immediate to Accumulator }0010010w | = data. |} dataifw=1 | 
TEST = And Function to Flags, No Result: 
Register/Memory and Register 
Immediate Data and Register/Memory )1111011w | mod000rm | data —s | dataifw=1 | 
Immediate Data and Accumulator }1010100w | — data. =| dataifw=1 | 


OR = Or: 
Register/Memory and Register to Either 000010dw 


Immediate to Register/Memory 1000000w | mod1011/m | data data if w = 1 
Immediate to Accumulator 0000110w | data data if w= 1 7a 


XOR = Exclusive or: 
Register/Memory and Register to Either 001100dw 


Immediate to Register/Memory 1000000w mod 1 10 r/m | data data if w = 1 
Immediate to Accumulator 0011010w | data data if w = 1 


STRING MANIPULATION 


CMOS 
uPROCESSORS 


REP = Repeat 1111001z 
MOVS = Move Byte/Word 1010010w 


CMPS = Compare Byte/Word 1010011w 
SCAS = Scan Byte/Word 1010111w 
LODS = Load Byte/Word to AL/AX 1010110w 
STOS = Stor Byte/Word from AL/A 1010101w 
CONTROL TRANSFER 

CALL = Call: 


Direct Within Segment } 11101000 | — disp-low = | ~—disp-high_ 
Indirect Within Segment 
Indirect Intersegment 


JMP = Unconditional Jump: 


Direct Within Segment | disp-low | 
Direct Within Segment-Short }11101011 | disp 
Indirect Within Segment 
Indirect Intersegment 


RET = Return from CALL: 
Within Segment 11000011 


Within Seg Adding Immed to SP 11000010 data-high 


3-173 


80C86 


Instruction Set Summary (Continued) 


Intersegment 

Intersegment Adding Immediate to SP 
JE/JZ = Jump on Equal/Zero }01110100 | — disp 

JL/JNGE = Jump on Less/Not Greater or Equal }01111100 | disp 

JLE/JNG = Jump on Less or Equal/ Not Greater }01111110 | ~~ disp 

JB/JNAE = Jump on Below/Not Above or Equal }01110010 | — disp 

JBE/JNA = Jump on Below or Equal/Not Above }01110110 | disp 

JP/JPE = Jump on Parity/Parity Even }01111010 | disp 

JO = Jump on Overflow )01110000 | disp 


JNE/JNZ = Jump on Not Equal/Not Zero 01110101 | disp 


JNL/JGE = Jump on Not Less/Greater or Equal 01111101 | disp 
JNLE/JG = Jump on Not Less or Equal/Greater po1tttitt1 | disp 
JNB/JAE = Jump on Not Below/Above or Equal }01110011 | disp 
JNBE/JA = Jump on Not Below or Equal/Above )01110711 | disp 
JNP/JPO = Jump on Not Par/Par Odd }01111011 | disp 
JNO = Jump on Not Overflow }01110001 | = disp 
JNS = Jump on Not Sign }01111001 | disp 
LOOP = Loop CX Times } 11100010 | disp 
LOOPZ/LOOPE = Loop While Zero/Equal } 11100001 | = disp 
LOOPNZ/LOOPNE = Loop While Not Zero/Equal } 11100000 | = disp 
JCXZ = Jump on CX Zero } 11100011 | disp 


INT = Interrupt 
Type Specified 11001101 
Type 3 11001100 


INTO = Interrupt on Overflow 11001110 
IRET = Interrupt Return 11001111 


PROCESSOR CONTROL 

CLC = Clear Carry 
CMC = Complement Carry 
STC = Set Carry 
CLD = Clear Direction 
mod x x x r/m 


STD = Set Direction 


CLI = Clear Interrupt 
ST = Set Interrupt 
HLT = Halt 
WAIT = Wait 
ESC = Escape (to External Device) 
LOCK = Bus Lock Prefix 
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Instruction Set Summary (Continued) 


INSTRUCTION CODE 
MNEMONIC AND DESCRIPTION 76543210 76543210 76543210 76543210 


NOTES: if s:w = 01 then 16-bits of immediate data form the operand. 
AL = 8-bit accumulator if s:w. = 11 then an immediate data byte is sign extended 
AX = 16-bit accumulator to form the 16-bit operand. 

CX = Count register if v= 0 then “count” = 1; if v= 1 then “count” in (C,) 

DS= Data segment x = don't care 

ES = Extra segment z is used for string primitives for comparison with ZF FLAG. 
Above/below refers to unsigned value. 

Greater = more positive; SEGMENT OVERRIDE PREFIX 

Less = less positive (more negative) signed values 


if d = 1 then “to” reg; if d = 0 then “from” reg 001 reg 110 
if w = 1 then word instruction; if w = 0 then byte REG is assigned according to the following table: 


instruction 

if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = Of, disp-low and disp-high 
are absent 

if mod = 01 then DISP = disp-low sign-extended 
16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high:disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (DI) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (Dl) + DISP 


if rm = 100 then EA = (SI) + DISP 2 
if r/m = 101 then EA = (DI) + DISP oO 
if rm = 110 then EA = (BP) + DISP t+ 7) fs 
if r/m = 111 then EA = (BX) + DISP Instructions which reference the flag register file as a 16-bit 2 Tt) 
DISP follows 2nd byte of instruction (before data object use the symbol FLAGS to represent the file: O 5 

if required) or 
+ except if mod = 00 and r/m = 110 then FLAGS = Q. 

EA = disp-high: disp-low. X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


+t MOV CS, REG/MEMORY not allowed. 
Mnemonics © Intel, 1978 
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@ HARRIS 80C88 


March 1997 CMOS 8/16-Bit Microprocessor 


Features Description 
Compatible with NMOS 8088 The Harris 80C88 high performance 8/16-bit CMOS CPU is 
: = ; manufactured using a self-aligned silicon gate CMOS pro- 
Direct Sortware Compatibility with 0085, 8086, SOSe cess (Scaled SAuJl IV). Two modes of operation, MINimum 


8-Bit Data Bus Interface; 16-Bit Internal Architecture for small systems and MAXimum for larger applications such 
as multiprocessing, allow user configuration to achieve the 
highest performance level. 


Full TTL compatibility (with the exception of CLOCK) and 
industry-standard operation allow use of existing NMOS 
8088 hardware and Harris CMOS peripherals. 


5001A Maximum Complete software compatibility with the 80C86, 8086, and 
10mA/MHz Maximum 8088 microprocessors allows use of existing software in new 
designs. 


Completely Static CMOS Design 
5MHz (80C88) 
8MHz (80C88-2) 


1 Megabyte of Direct Memory Addressing Capability 
24 Operand Addressing Modes 

Bit, Byte, Word, and Block Move Operations 

8-Bit and 16-Bit Signed/Unsigned Arithmetic 
Bus-Hold Circuitry Eliminates Pull-up Resistors 


Wide Operating Temperature Ranges 


Ordering Information 


[se [Terenas [ae eT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2949 1 
Copyright © Harris Corporation 1997 3-176 


Pinouts 


MAX MODE 
80C88 


GND 
Al4 
A13 
A12 
Al1 
A10 

AQ 

A& 
AD7 
AD6 
AD5 
AD4 
AD3 
AD2 
AD1 
ADO 
NMI 

INTR 
CLK 

GND 


MIN MODE 


80C88 


80C88 (DIP) 
TOP VIEW 


80C88 (PLCC/LCC) 
TOP VIEW 


3-177 


MAX 
MODE 


(HIGH) 


(RQ/GT0) 
(RQ/GT1) 
(LOCK) 


($2) 
($1) 
(50) 
(QS0) 
(QS1) 


MIN MODE 
80C88 


NC 


B 6A19/S6 | A19/S6 


(HIGH) 
MN/MX 


MAX MODE 
80C88 
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Functional Diagram 


EXECUTION UNIT 


| REGISTER FILE 


DATA POINTER 
AND 


INDEX REGS 
(8 WORDS) 


16-BIT ALU 
FLAGS 


80C88 


BUS INTERFACE UNIT 


RELOCATION 
REGISTER FILE 


SEGMENT REGISTERS 
AND 


INSTRUCTION POINTER 
(5 WORDS) 


SSO/HIGH 
A19/S6. .. A16/S3 


AD7-AD0 


=> 
(=) 
TS > as-ats 
a 
7 


BUS 
INTERFACE 
UNIT 


INTA, RD, WR 
DT/R, DEN, ALE, |O/M 
4-BYTE 


INSTRUCTION 
QUEUE 


CONTROL AND TIMING 


CLK RESET READY MN/MX GND 
Vcc 


MEMORY INTERFACE 


TEST 
INTR 
NMI 
RQ/GT0,7< 3 

HOLD 
HLDA 

BUS 

INTERFACE 

UNIT 

EXECUTION 

UNIT 


EXECUTION UNIT 
CONTROL SYSTEM 


ARITHMETIC/ 
=i on 
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Pin Description 


The following pin function descriptions are for 80C88 systems in either minimum or maximum mode. The “local bus” in these 
descriptions is the direct multiplexed bus interface connection to the 80C88 (without regard to additional bus buffers). 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
AD7-ADO 9-16 ADDRESS DATA BUS: These lines constitute the time multiplexed memory/IO address (T1) and 
data (T2,T3,Tw and T4) bus. These lines are active HIGH and are held at high impedance to the last 
valid level during interrupt acknowledge and local bus “hold acknowledge” or “grant sequence” 
A15-A8 2-8, 39 - ADDRESS BUS: These lines provide address bits 8 through 15 for the entire bus cycle (T1-T4). 


These lines do not have to be latched by ALE to remain valid. A15-A8 are active HIGH and are held 
at high impedance to the last valid logic level during interrupt acknowledge and local bus “hold 
A19/S6, 
A18/S5, 


acknowledge” or “grant sequence”. 
ADDRESS/STATUS: During T1, these are the four most [sa | s3 [CHARACTERISTICS 
CHARACTERISTICS 
A17/S4, Alternate Data 
_ £1 XA aes 


significant address lines for memory operations. During 

I/O operations, these lines are LOW. During memory and 
[7] [eeceornone 
eT 


s 
37 


I/O operations, status information is available on these 
lines during T2, T3, TW and T4. S6 is always LOW. The 
status of the interrupt enable flag bit (S5) is updated at the 
beginning of each clock cycle. S4 and S3 are encoded as 
shown. 

This information indicates which segment register is 
presently being used for data accessing. 

These lines are held at high impedance to the last valid 
logic level during local bus “hold acknowledge” or “grant 
Sequence”. 


READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, depend- 
ing on the state of the |O/M pin or S2. This signal is used to read devices which reside on the 80C88 
local bus. RD is active LOW during T2, T3, Tw of any read cycle, and is guaranteed to remain HIGH 
in T2 until the 80C88 local bus has floated. 

This line is held at a high impedance logic one state during “hold acknowledge” or “grant sequence”. 


READY: is the acknowledgment from the address memory or I/O device that it will complete the data 
transfer. The RDY signal from memory or I/O is synchronized by the 82C84A clock generator to from 
READY. This signal is active HIGH. The 80C88 READY input is not synchronized. Correct operation 
is not guaranteed if the set up and hold times are not met. 


INTERRUPT REQUEST: is a level triggered input which is sampled during the last clock cycle of 
each instruction to determine if the processor should enter into an interrupt acknowledge operation. 
A subroutine is vectored to via an interrupt vector lookup table located in system memory. It can be 
internally masked by software resetting the interrupt enable bit. INTR is internally synchronized. This 
signal is active HIGH. 


TEST: input is examined by the “wait for test” instruction. If the TEST input is LOW, execution con- 
tinues, otherwise the processor waits in an “idle” state. This input is synchronized internally during 
each clock cycle on the leading edge of CLK. 


NONMASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. A sub- 
routine is vectored to via an interrupt vector lookup table located in system memory. NMI is not 
maskable internally by software. A transition from a LOW to HIGH initiates the interrupt at the end 
of the current instruction. This input is internally synchronized. 


RESET: cases the processor to immediately terminate its present activity. The signal must transition 
LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts execution, as de- 
scribed in the instruction set description, wnen RESET returns LOW. RESET is internally synchro- 
nized. 


CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 33% 
duty cycle to provide optimized internal timing. 


ae Vcc: is the +5V power supply pin. A 0.1pF capacitor between pins 20 and 40 recommended for de- 
coupling. 


GND: are the ground pins (both pins must be connected to system ground). A 0.1p.F capacitor be- 
tween pins 1 and 20 is recommended for decoupling. 


MINIMUM/MAXIMUM: indicates the mode in which the processor is to operate. The two modes are 
discussed in the following sections. 
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Pin Description (continued) 


The following pin function descriptions are for 80C88 system in minimum mode (i.e., MN/MX = Vcc). Only the pin functions 
which are unique to the minimum mode are described; all other pin functions are as described above. 


MINIMUM MODE SYSTEM 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 


STATUS LINE: is an inverted maximum mode 82. It is used to distinguish a memory access from 
an I/O access. |O/M becomes valid in the T4 preceding a bus cycle and remains valid until the final 
T4 of the cycle (I/O = HIGH, M = LOW). IO/M is held to a high impedance logic one during local bus 
“nold acknowledge”. 


Write: strobe indicates that the processor is performing a write memory or write I/O cycle, depend- 
ing on the state of the IO/M signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and is held to high impedance logic one during local bus “hold acknowledge”. 


INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T2, T3 and 
Tw of each interrupt acknowledge cycle. Note that INTA is never floated. 


ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 
82C82/82C83 address latch. It is a HIGH pulse active during clock low of T1 of any bus cycle. Note 
that ALE is never floated. 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use an 82C86/82C87 
data bus transceiver. It is used to control the direction of data flow through the transceiver. Logically, 
DT/R is equivalent to S7 in the maximum mode, and its timing is the same as for IO/M (T = HIGH, 
R = LOW). This signal is held to a high impedance logic one during local bus “hold acknowledge”. 


DATA ENABLE: is provided as an output enable for the 82C86/82C87 in a minimum system which 
uses the transceiver. DEN is active LOW during each memory and I/O access, and for INTA cycles. 
For a read or INTA cycle, it is active from the middle of T2 until the middle of T4, while for a write 
cycle, it is active from the beginning of T2 until the middle of T4. DEN is held to high impedance logic 
one during local bus “hold acknowledge”. 


HOLD: indicates that another master is requesting a local bus “hold”. To be acknowledged, HOLD 
must be active HIGH. The processor receiving the “hold” request will issue HLDA (HIGH) as an 
acknowledgment, in the middie of a T4 or T1 clock cycle. Simultaneous with the issuance of HLDA 
the processor will float the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it will again drive the 
local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be provided if the system cannot 
otherwise guarantee the set up time. 


STATUS LINE: is logically equivalent to SO 
in the maximum mode. The combination of 
SSO, IO/M and DT/R allows the system to 
completely decode the current bus cycle 
status. SSO is held to high impedance logic 
one during local bus “hold acknowledge”. 


oat [orm [S50] omanAcrERSTCS, 
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Pin Description (Continued) 


The following pin function descriptions are for 80C88 system in maximum mode (i.e., MN/MX = GND). Only the pin functions 
which are unique to the maximum mode are described; all other pin functions are as described above. 


MAXIMUM MODE SYSTEM 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
STATUS: is active during clock high of T4, T1 and 
T2, and is returned to the passive state (1, 1, 1) | S2 | St | SO | CHARACTERISTICS 
during T3 or during Tw when READY is HIGH. This | oO | 0 | 0 | Interrupt Acknowledge 
status is used by the 82C88 bus controller to gener- 
: 
ate all memory and I/O access control signals. Any po} Ott seach 
change by S2, S1 or SO during T4 is used to | oO] 1] 0 | Write I/O Port 
indicate the beginning of a bus cycle, and the return fo [ 1 [ot [Hat 
to the passive state in T3 or Tw is used to indicate 
the end ofa bus cycle Pa [e [0 [code Access 
These signals are held at a high impedance logic Bae HER Read Memory 
one state during “grant sequence”. ra [af e| Write Memory 


REQUEST/GRANT: pins are used by other local bus masters to force the processor to release the 

local bus at the end of the processor's current bus cycle. Each pin is bidirectional with RQ/GTO 

having higher priority than RQ/GT1. RQ/GT has internal bus-hold high circuitry and, if unused, may 
be left unconnected. The request/grant sequence is as follows (see RO/GT Timing Sequence): 

1. A pulse of one CLK wide from another local bus master indicates a local bus request (“hold”) to 
the 80C88 (pulse 1). 

2. During a T4 or T1 clock cycle, a pulse one clock wide from the 80C88 to the requesting master 
(pulse 2), indicates that the 80C88 has allowed the local bus to float and that it will enter the 
“grant sequence” state at the next CLK. The CPUs bus interface unit is disconnected logically 
from the local bus during “grant sequence”. 

3. Apulse one CLK wide from the requesting master indicates to the 80C88 (pulse 3) that the “hold” 
request is about to end and that the 80C88 can reclaim the local bus at the next CLK. The CPU 
then enters T4 (or T1 if no bus cycles pending). 


Each master-master exchange of the local bus is a sequence of three pulses. There must be one 
idle CLK cycle after bus exchange. Pulses are active LOW. 


If the request is made while the CPU is performing a memory cycle, it will release the local bus during 
T4 of the cycle when all the following conjugations are met: 

1. Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

4. A locked instruction is not currently executing. 


If the local bus is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next clock. 

2. Amemory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle 
apply with condition number 1 already satisfied. 


LOCK: indicates that other system bus masters are not to gain control of the system bus while 
LOCK is active (LOW). The LOCK signal is activated by the “LOCK” prefix instruction and remains 
active until the completion of the next instruction. This signal is active LOW, and is held at a high 
impedance logic one state during “grant sequence”. In Max Mode, LOCK is automatically generated 
during T2 of the first INTA cycle and removed during T2 of the second INTA cycle. 


QUEUE STATUS: provide status to allow external 
tracking of the internal 80C88 instruction queue. | Qs1 | QSO- CHARACTERISTICS 
[eo] e [Reoperation 


The queue status is valid during the CLK cycle after 
First Byte of Opcode from 
Queue 


: ae 
which the queue operation is performed. Note that 
Pt 7 0 | Empty the Queue 


QS1, QS0 
the queue status never goes to a high impedance 
1 1 | Subsequent Byte from 
Queue 


statue (floated). 
34 Pin 34 is always a logic one in the maximum mode and is held at a high impedance logic one during 
a “grant sequence”. 
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Functional Description 


Static Operation 


All 80C88 circuitry is static in design. Internal registers, 
counters and latches are static and require not refresh as 
with dynamic circuit design. This eliminates the minimum 
operating frequency restriction placed on other microproces- 
sors. The CMOS 80C88 can operate from DC to the 
specified upper frequency limit. The processor clock may be 
stopped in either state (high/low) and held there indefinitely. 
This type of operation is especially useful for system debug 
or power critical applications. 


The 80C88 can be single stepped using only the CPU clock. 
This state can be maintained as long as is necessary. Single 
step clock operation allows simple interface circuitry to 
provide critical information for start-up. 


Static design also allows very low frequency operation (as 
low as DC). In a power critical situation, this can provide 
extremely low power operation since 80C88 power dissipa- 
tion is directly related to operation frequency. As the system 
frequency is reduced, so is the operating power until, at a 
DC input frequency, the power requirement is the 80C88 
standby current. 


Internal Architecture 


The internal functions of the 80C88 processor are 
partitioned logically into two processing units. The first is the 
Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU block diagram. 


These units can interact directly but for the most part 
perform as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic bus 
control. The overlap of instruction pre-fetching provided by 
this unit serves to increase processor performance through 
improved bus bandwidth utilization. Up to 4 bytes of the 
instruction stream can be queued while waiting for decoding 
and execution. 


The instruction stream queuing mechanism allows the BIU 
to keep the memory utilized very efficiently. Whenever there 
is space for at least 1 byte in the queue, the BIU will attempt 
a byte fetch memory cycle. This greatly reduces “dead time”: 
on the memory bus. The queue acts as a First-In-First-Out 
(FIFO) buffer, from which the EU extracts instruction bytes 
as required. If the queue is empty (following a branch 
instruction, for example), the first byte into the queue 
immediately becomes available to the EU. 


The execution unit receives pre-fetched instructions from the 
BIU queue and provides unrelocated operand addresses to 
the BIU. Memory operands are passed through the BIU for 
processing by the EU, which passes results to the BIU for 
storage. 


Memory Organization 


The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is organized 


as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra, and stack segments of up to 64K bytes 
each, with each segment falling on 16 byte boundaries. (See 
Figure 1). 


7 0 
So 7sOFFFFFH 
64K-BIT b= SEGMENT 
u XXXXOH 
eS STACK SEGMENT 
SEGMENT oe 
REGISTER FILE a 
DATA SEGMENT 
| cs WORD 
| MSB | 
3 fexom SEGMENT 
— 7 00000H 


FIGURE 1. MEMORY ORGANIZATION 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is automati- 
cally chosen according to specific rules as shown in Table 1. 
All information in one segment type share the same logical 
attributes (e.g., code or data). By structuring memory into 
relocatable areas of similar characteristics and by automati- 
cally selecting segment registers, programs are shorter, 
faster, and more structured. 


TABLE 1. 
SEGMENT 


REGISTER 
USED 


MEMORY 
REFERENCE 
NEED 


SEGMENT 
SELECTION RULE 


CODE (CS) _ | Automatic with all instruction 
prefetch. 


Stack STACK (SS) |All stack pushes and pops. 
Memory references relative to 
BP base register except data 
references. 


Local Data DATA(DS) | Data references when: relative 
to stack, destination of string op- 
eration, or explicitly overridden. 


External Data EXTRA (ES) | Destination of string 
(Global) operations: Explicitly selected 
using a segment override. 


Word (16-bit) operands can be located on even or odd 
address boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower valued 
address location and the most significant byte in the next 
higher address location. 
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The BIU will automatically execute two fetch or write cycles 
for 16-bit operands. 


Certain locations in memory are reserved for specific CPU 
operations. (See Figure 2). Locations from addresses 
FFFFOH through FFFFFH are reserved for operations 
including a jump to initial system initialization routine. Follow- 
ing RESET, the CPU will always begin execution at location 
FFFFOH where the jump must be located. Locations OOO00H 
through OOSFFH are reserved for interrupt operations. Each 
of the 256 possible interrupt service routines is accessed 
through its own pair of 16-bit pointers - segment address 
pointer and offset address pointer. The first pointer, used as 
the offset address, is loaded into the IP, and the second 
pointer, which designates the base address, is loaded into 
the CS. At this point program control is transferred to the 
interrupt routine. The pointer elements are assumed to have 
been stored at their respective places in reserved memory 
prior to the occurrence of interrupts. 


Minimum and Maximum Modes 


The requirements for supporting minimum and maximum 
80C88 systems are sufficiently different that they cannot be 
done efficiently with 40 uniquely defined pins. Consequently, 
the 80C88 is equipped with a strap pin (MN/MX) which 
defines the system configuration. The definition of a certain 
subset of the pins changes, dependent on the condition of 


the strap pin. When the MN/MX pin is strapped to GND, the 
80C88 defines pins 24 through 31 and 34 in maximum 
mode. When the MN/MX pins is strapped to Vcc, the 80C88 
generates bus control signals itself on pins 24 through 31 
and 34. 


The minimum mode 80C88 can be used with either a 
muliplexed or demultiplexed bus. This architecture provides 
the 80C88 processing power in a highly integrated form. 


The demultiplexed mode requires one latch (for 64K addres- 
sability) or two latches (for a full megabyte of addressing). 
An 82C86 or 82C87 transceiver can also be used if data bus 
buffering is required. (See Figure 3). The 80C88 provides 
DEN and DT/R to control the transceiver, and ALE to latch 
the addresses. This configuration of the minimum mode pro- 
vides the standard demultiplexed bus structure with heavy 
bus buffering and relaxed bus timing requirements. 


The maximum mode employs the 82C88 bus controller (See 
Figure 4). The 82C88 decode status lines SO, S1 and S2, 
and provides the system with all bus control signals. Moving 
the bus control to the 82C88 provides better source and sink 
current capability to the control lines, and frees the 80C88 
pins for extended large system features. Hardware lock, 
queue status, and two request/grant interfaces are provided 
by the 80C88 in maximum mode. These features allow 
coprocessors in local bus and remote bus configurations. 
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FIGURE 2. RESERVED MEMORY LOCATIONS 
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FIGURE 3. DEMULTIPLEXED BUS CONFIGURATION 
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Bus Operation 


The 80C88 address/data bus is broken into three parts: the 
lower eight address/data bits (ADO-AD7), the middie eight 
address bits (A8-A15), and the upper four address bits (A16- 
A19). The address/data bits and the highest four address 
bits are time multiplexed. This technique provides the most 
efficient use of pins on the processor, permitting the use of 
standard 40 lead package. The middle eight address bits are 
not multiplexed, i.e., they remain valid throughout each bus 
cycle. In addition, the bus can be demultiplexed at the 
processor with a single address latch if a standard, nonmulti- 
plexed bus is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3 and T4. (See 
Figure 5). The address is emitted from the processor during 
T1 and data transfer occurs on the bus during T3 and T4. T2 
is used primarily for changing the direction of the bus during 
read operations. In the event that a “Not Ready” indication is 
given by the addressed device, “wait” states (TW) are 
inserted between T3 and T4. Each inserted “wait” state is of 
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FIGURE 5. BASIC SYSTEM TIMING 
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the same duration as a CLK cycle. Periods can occur 
between 80C88 driven bus cycles. These are referred to as 
“idle” states (Tl), or inactive CLK cycles. The processor uses 
these cycles for internal housekeeping. 


During T1 of any bus cycle, the ALE (Address latch enable) 
signal is emitted (by either the processor or the 82C88 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status infor- 
mation for the cycle may be latched. 


Status bits SO, S1, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table 2. 


Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. 
S3 and S4 indicate which segment register was used to this 
bus cycle in forming the address according to Table 3. 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 


<< (4+ NWAIT) = TCY__ 
1 =| 12 | 13 | Twa | Ta 
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JUST PRIOR TO T4 


A15-A8 


- 


3-185 


CMOS 
uPROCESSORS 


80C88 


TABLE 2. 
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/O Addressing 


In the 80C88, I/O operations can address up to a maximum 
of 64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15-A0. The 
address lines A19-A16 are zero in I/O operations. The vari- 
able I/O instructions, which use register DX as a pointer, 
have full address capability, while the direct I/O instructions 
directly address one or two of the 256 I/O byte locations in 
page 0 of the I/O address space. I/O ports are addressed in 
the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses |/O with an 8-bit 
address on both halves of the 16-bit address bus. The 
80C88 uses a full 16-bit address on its lower 16 address 
lines. 


External Interface 


Processor Reset and Initialization 


Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 80C88 RESET is 
required to be HIGH for greater than four clock cycles. The 
80C88 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal reset 
sequence for approximately 7 clock cycles. After this interval 
the 80C88 operates normally, beginning with the instruction 
in absolute location FFFFOH (see Figure 2). The RESET 
input is internally synchronized to the processor clock. At 
initialization, the HIGH to LOW transition of RESET must 
occur no sooner than 50s after power up, to allow complete 
initialization of the 80C88. 


NMI will not be recognized if asserted prior to the second 
CLK cycle following the end of RESET. 


Bus Hold Circuitry 


To avoid high current conditions caused by floating inputs to 
CMOS devices and to eliminate the need for pull-up/down 
resistors, “bus-hold” circuitry has been used on 80C88 pins 
2-16, 26-32 and 34-39 (see Figure 6A and 6B). These 
circuits maintain a valid logic state if no driving source is 
present (i.e., an unconnected pin or a driving source which 
goes to a high impedance state). 


To override the “bus hold” circuits, an external driver must be 
capable of supplying 400A minimum sink or source current 
at valid input voltage levels. Since this “bus hold” circuitry is 
active and not a “resistive” type element, the associated 
power supply current is negligible. Power dissipation is sig- 
nificantly reduced when compared to the use of passive pull- 
up resistors. 


EXTERNAL 
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FIGURE 6A. BUS HOLD CIRCUITRY PIN 2-16, 35-39 
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FIGURE 6B. BUS HOLD CIRCUITRY PIN 26-32, 34 


Interrupt Operations 


Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in the 
instruction set description. Hardware interrupts can be 
classified as nonmaskable or maskable. 


Interrupts result in a transfer of control to a new program 
location. A 256 element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations 0 through 3FFH (see Figure 2), which are reserved 
for this purpose. Each element in the table is 4 bytes in size 
and corresponds to an interrupt “type”. An interrupting 
device supplies an 8-bit type number, during the interrupt 
acknowledge sequence, which is used to vector through the 
appropriate element to the new interrupt service program 
location. 
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Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable 
interrupt request (INTR) pin. A typical use would be to 
activate a power failure routine. The NMI is edge-triggered 
on a LOW to High transition. The activation of this pin 
causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. An high going transition of NMI is 
latched on-chip and will be serviced at the end of the current 
instruction or between whole moves (2 bytes in the case of 
word moves) of a block type instruction. Worst case 
response to NMI would be for multiply, divide, and variable 
shift instructions. There is no specification on the occurrence 
of the low-going edge; it may occur before, during, or after 
the servicing of NMI. Another high-going edge triggers 
another response if it occurs after the start of the NMI 
procedure. 


The signal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid triggering 
extraneous responses. 


Maskable Interrupt (INTR) 


The 80C88 provides a singe interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The interrupt 
request signal is level triggered. It is internally synchronized 
during each clock cycle on the high-going edge of CLK. 


To be responded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current instruction 
or the end of a whole move for a block type instruction. INTR 
may be removed anytime after the falling edge of the first 
INTA signal. During interrupt response sequence, further 
interrupts are disabled. The enable bit is reset as part of the 
response to any interrupt (INTR, NMI, software interrupt, or 
single step). The FLAGS register, which is automatically 
pushed onto the stack, reflects the state of the processor 
prior to the interrupt. The enable bit will be zero until the old 
FLAGS register is restored, unless specifically set by an 
instruction. 


During the response sequence (see Figure 7), the processor 
executes two successive (back-to-back) interrupt acknowl- 
edge cycles. The 80C88 emits to LOCK signal (maximum 
mode only) from T2 of the first bus cycle until T2 of the sec- 
ond. A local bus “hold” request will not be honored until the 
end of the second bus cycle. In the second bus cycle, a byte 
is fetched from the external interrupt system (e.g., B2C59A 
PIC) which identifies the source (type) of the interrupt. This 
byte is multiplied by four and used as a pointer into the inter- 
rupt vector lookup table. 


An INTR signal left HIGH will be continually responded to 
within the limitations of the enable bit and sample period. 
INTR may be removed anytime after the falling edge of the 
first INTA signal. The interrupt return instruction includes a 
flags pop which returns the status of the original interrupt 
enable bit when it restores the flags. 


| t+ | t2 | 13 |ta] 11 | t2 | 13 | Ta | 


ALE | | 


FIGURE 7. INTERRUPT ACKNOWLEDGE SEQUENCE 


Halt 


When a software HALT instruction is executed, the proces- 
sor indicates that it is entering the HALT state in one of two 
ways, depending upon which mode is strapped. In minimum 
mode, the processor issues ALE, delayed by one clock 
cycle, to allow the system to latch the halt status. Halt status 
is available on IO/M, DT/R, and SSO. In maximum mode, the 
processor issues appropriate HALT status on S2, S1 and 
SO, and the 82C88 bus controller issues one ALE. The 
80C88 will not leave the HALT state when a local bus hold is 
entered while in HALT. In this case, the processor reissues 
the HALT indicator at the end of the local bus hold. An inter- 
rupt request or RESET will force the 80C88 out of the HALT 
state. 


Read/Modify/Write (Semaphore) Operations Via LOCK 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the execu- 
tion of an instruction. This allows the processor to perform 
read/modify/write operations on memory (via the “exchange 
register with memory” instruction), without another system 
bus master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to accomplish 
“test and set lock” operations. The LOCK signal is activated 
(LOW) in the clock cycle following decoding of the LOCK 
prefix instruction. It is deactivated at the end of the last bus 
cycle of the instruction following the LOCK prefix. While 
LOCK is active, a request on a RQ/GT pin will be recorded, 
and then honored at the end of the LOCK. 


External Synchronization Via TEST 


As an alternative to interrupts, the 80C88 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active (LOW). 
The execution of WAIT does not consume bus cycles once 
the queue is full. 


lf a local bus request occurs during WAIT execution, the 
80C88 three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold circuits. 
If interrupts are enabled, the 80C88 will recognize interrupts 
and process them when it regains control of the bus. 
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Basic System Timing 


In minimum mode, the MN/MX pin is strapped to Voc and 
the processor emits bus control signals (RD, WR, IO/M, etc.) 
directly. In maximum mode, the MN/MX pin is strapped to 
GND and the processor emits coded status information 
which the 82C88 bus controller uses to generate 
MULTIBUS™ compatible bus control signals. 


System Timing - Minimum System 


The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal (see Figure 5). The trail- 
ing (low going) edge of this signal is used to latch the 
address information, which is valid on the address data bus 
(ADO-AD7) at this time, into the 82C82/82C83 latch. 
Address lines A8 through A15 do not need to be latched 
because they remain valid throughout the bus cycle. From 
T1 to T4 the IO/M signal indicates a memory or I/O opera- 
tion. At T2 the address is removed from the address data 
bus and the bus is held at the last valid logic state by internal 
bus-hold devices. The read control signal is also asserted at 
T2. The read (RD) signal causes the addressed device to 
enable its data bus drivers to the local bus. Some time later, 
valid data will be available on the bus and the addressed 
device will drive the READY line HIGH. When the processor 
returns the read signal to a HIGH level, the addressed 
device will again three-state its bus drivers. If a transceiver 
(82C86/82C87) is required to buffer the local bus, signals 
DT/R and DEN are provided by the 80C88. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The IO/M signal is again asserted 
to indicate a memory or I/O write operation. In T2, immedi- 
ately following the address emission, the processor emits 
the data to be written into the addressed location. This data 
remains valid until at least the middle of T4. During T2, TS, 
and Tw, the processor asserts the write control signal. The 
write (WR) signal becomes active at the beginning of T2, as 
opposed to the read, which is delayed somewhat into T2 to 
provide time for output drivers to become inactive. 


The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 
(INTA) signal is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by internal 
bus-hold devices (see Figure 6). In the second of two 
successive INTA cycles, a byte of information is read from 
the data bus, as supplied by the interrupt system logic (i.e., 
82C59A priority interrupt controller). This byte identifies the 
source (type) of the interrupt. It is multiplied by four and used 
as a pointer into the interrupt vector lookup table, as 
described earlier. 


Bus Timing - Medium Complexity Systems 


For medium complexity systems, the MN/MX pin is 
connected to GND and the 82C88 bus controller is added to 
the system, as well as an 82C82/82C83 latch for latching the 
system address, and an 82C86/82C87 transceiver to allow 
for bus loading greater than the 80C88 is capable of 
handling (see Figure 8). Signals ALE, DEN, and DT/R are 
generated by the 82C88 instead of the processor in this 


MULTIBUS™ is a patented Intel bus. 


configuration, although their timing remains relatively the 
same. The 80C88 status outputs (S2, S1 and SO) provide 
type of cycle information and become 82C88 inputs. This 
bus cycle information specifies read (code, data or I/O), write 
(data or |/O), interrupt acknowledge, or software halt. The 
82C88 thus issues control signals specifying memory read 
or write, I/O read or write, or interrupt acknowledge. The 
82C88 provides two types of write strobes, normal and 
advanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. The 
advanced write strobes have the same timing as read 
strobes, and hence, data is not valid at the leading edge of 
write. The 82C86/82C87 transceiver receives the usual T 
and OE inputs from the 82C88 DT/R and DEN outputs. 


The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can derive from an 82C59A 
located on either the local bus or the system bus. If the 
master 82C59A priority interrupt controller is positioned on 
the local bus, the 82C86/82C87 transceiver must be 
disabled when reading from the master 82C59A during the 
interrupt acknowledge sequence and software “poll”. 


The 80C88 Compared to the 80C86 


The 80C88 CPU is a 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 80C88 
are identical to the equivalent 80C86 functions. The 80C88 
handles the external bus the same way the 80C86 does with 
the distinction of handling only 8-bits at a time. Sixteen-bit 
operands are fetched or written in two consecutive bus 
cycles. Both processors will appear identical to the software 
engineer, with the exception of execution time. The internal 
register structure is identical and all instructions have the 
same end result. Internally, there are three differences 
between the 80C88 and the 80C86. All changes are related 
to the 8-bit bus interface. 


¢ The queue length is 4 bytes in the 80C88, whereas the 
80C86 queue contains 6 bytes, or three words. The queue 
was shortened to prevent overuse of the bus by the BIU 
when prefetching instructions. This was required because 
of the additional time necessary to fetch instructions 8-bits 
at a time. 


To further optimize the queue, the prefetching algorithm 
was changed. The 80C88 BIU will fetch a new instruction 
to load into the queue each time there is a 1 byte space 
available in the queue. The 80C86 waits until a 2 byte 
space is available. 


¢ The internal execution time of the instruction set is 
affected by the 8-bit interface. All 16-bit fetches and writes 
from/to memory take an additional four clock cycles. The 
CPU is also limited by the speed of instruction fetches. 
This latter problem only occurs when a series of simple 
operations occur. When the more sophisticated instruc- 
tions of the 80C88 are being used, the queue has time to 
fill the execution proceeds as fast as the execution unit will 
allow. 
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The 80C88 and 80C86 are completely software compatible 
by virtue of their identical execution units. Software that is 
system dependent may not be completely transferable, but 
software that is not system dependent will operate equally 
as well on an 80C88 or an 80C86. 


The hardware interface of the 80C88 contains the major 
differences between the two CPUs. The pin assignments are 
nearly identical, however, with the following functional 
changes: 


e A8-A15: These pins are only address outputs on the 
80C88. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner similar to 
the 8085 upper address lines. 
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CLK 
QS1, QSO 


80C88 
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A19/S6 - A16/S3 


80C88 RDY 82C84 


READY 80C88& 


AD7 - ADO 


80C88 A15 - A& 


CL |_| ZA 
Dace 


BHE has no meaning on the 80C88 and has been elimi- 
nated. 


SSO provides the SO status information in the minimum 
mode. This output occurs on pin 34 in minimum mode 
only. DT/R, |O/M and SSO provide the complete bus status 
in minimum mode. 


IO/M has been inverted to be compatible with the 8085 
bus structure. 


ALE is delayed by one clock cycle in the minimum mode 
when entering HALT, to allow the status to be latched with 
ALE. 


T2 T3 T4 


FIGURE 8. MEDIUM COMPLEXITY SYSTEM TIMING 
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Absolute Maximum Ratings Thermal Information 

Sry VONMOE . cans dcncdeemenescinseeusdeeaane nave +8.0V Thermal Resistance (Typical) Oya (CCW) 8yc (CCW) 

Input, Output or I/O Voltage ........... GND -0.5V to Vcc +0.5V PDIP Package...............005. 50 . 

ESD CABSGURGUON 26s. csscecs cde asasnesaeeen seams Class 1 PLCC PHGaGe « iiiccesdenseeesss 46 : 

SOUP PAGKAOG. <.ccccicsvenenss 30 N/A 

Operating Conditions CLOG Package 42 sesnvesne census 40 N/A 

Operating Voltage Range.................506. +4.5V to +5.5V Maximum Junction Temperature 175°C 
MB0CB8-2 Only........ 0.0 .0c cece eee ees ATOM WHEN SANT ESE SDP crea seintnevisnieseenennteay sass i. 

Operating Temperature Range astic Pac AGEs sande vedincinsntbwednnntt nasaeeuth ; 
CBUCGRe. ccc cc escdccae seen esaenas eee eewe 0°C to +70°C Storage Temperature Range. ...... ee “65°C to +150°C 
(BOCBELS .nnccnccuavteavvetardaesaxeeeas -40°C to +85°C + Maximum Lead Temperature (Soldering 10s)............ +300°C 
MGUGEGN? sccccatéraeenersdvacbdee new ee -55°C to +125°C (Lead tips only for surface mount packages) 


Die Characteristics 
Gate Gout os oaccaucensedakovaansan avuwevsdews 9750 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vcc = 5.0V, +10%; Ta = 0°C to +70°C (C80C88, C80C88-2) 
Voc = 5.0V, 10%; Ta = -40°C to +85°C (I80C88, I80C88-2) 
Voc = 5.0V, +10%; Ta = -55°C to +125°C (M80C88) 
Voc = 5.0V, +5%; Ta = -55°C to +125°C (M80C88-2) 


SYMBOL PARAMETER | MIN: | MAX UNITS TEST CONDITION 
Vin Logical One 2.0 V C80C88, I80C88 (Note 4) 
Input Voltage Ze V M80C88 (Note 4) 


VIHC CLK Logical One Input Voltage 
VILC CLK Logical Zero Input Voltage 


Input Leakage Current 


= 
en [ree corenbaracren 
[aA [row Guronoarradtow 
= 
_ 


IOH = -2.5mA 
Vv IOH = -100nA 

eee 
Pins 17-19, 21-23, 33 

Vin = - 3.0V (Note 1) 

Vin = - 0.8V (Note 2) 

fe 

a 


MmA/MHz_ | FREQ = Max, Vin = Vcc or GND, 
Outputs Open 
NOTES: 


. IBHH should be measured after raising Vij, to Vcc and then lowering to 3.0V on the following pins 2-16, 26-32, 34-39. 

. IBHL should be measured after lowering Vix, to GND and then raising to 0.8V on the following pins: 2-16, 35-39. 

. ICCSB tested during clock high time after HALT instruction executed. Vinjy = Voc or GND, Voc = 5.5V, Outputs unloaded. 

. MN/MX is a strap option and should be held to Voc or GND. 

. 10 should be measured by putting the pin in a high impedance state and then driving Voyt to GND on the following pins: 26-29 and 32. 


| ie | Output Leakage Current 
ICCSB Standby Power Supply Current 


ar OND — 


Capacitance Ty, = 25°C 


[an [ineeCapactancs | —@5__[ oF _ [ PREG= Whe, Al ranuromis re aronota doves GND 
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AC Electrical Specifications Vcc =5.0V+10%; Ts = 0°C to +70°C (C80C88, C80C88-2) 
Voc = 5.0V +100%; Ta = -40°C to +85°C (180C88, 180C88-2) 
Vcc = 5.0V +100%; Ta = -55°C to +125°C (M80C88) 
Voc = 5.0V +5%; = Ta = -55°C to +125°C (M80C88-2) 


MINIMUM COMPLEXITY SYSTEM 


SYMBOL PARAMETER See 
TIMING REQUIREMENTS 
(1) CLK Cycle Period 200 a 
(2) CLK Low Time 118 = 
(4) | TCH1CH2 | CLK Rise Time Lo # 4 
(5) CLK Fall Time ae i 
(6) Data In Setup Time 
(7) Data In Hold Time p10 


(8) TRIVCL | RDY Setup Time into 82C84A 35 
(Notes 6, 7) 

(9) TCLR1X | RDY Hold Time into 82C84A 
(Notes 6, 7) 


(10) | TRYHCH | READY Setup Time into 80C88 118 [= 


) 80c88-2 


TEST 


UNITS CONDITIONS 


— 
~ 


— NO Ww = NO 


From 1.0V to 3.5V 


From 3.5V to 1.0V 


zp 
> 
als ak 
io) oO 


uPROCESSORS 


(11) | TCHRYX | READY Hold Time into 80088 
(12) |. TRYLCL | READY Inactive to CLK (Note 8) PB 
(13) | THVCH | HOLD Setup Time 


(14) TINVCH | INTR, NMI, TEST Setup Time 30 
(Note 7) 


(15) Input Rise Time (Except CLK) Po 

(16) Input Fall Time (Except CLK) ps | 18 | 

TIMING RESPONSES 

(18) Address Hold Time = ks ae 

(19) Addrese Float Delay TCLAX | 80 | TCLAX 
Cc 


NO 
(oe) 


o 


From 0.8V to 2.0V 


From 2.0V to 0.8V 


= 100pF 


= 100pF 


= 100pF 


= 100pF 


2 a ce 


= 100pF 
= 100pF 
= 100pF 


= 100pF 
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AC Electrical Specifications Vcc = 5.0V+10%; Ta, = 0°C to +70°C (C80C88, C80C88-2) 
Voc = 5.0V 100%; Ta = -40°C to +85°C (I80C88, 180C88-2) 
Voc = 5.0V +100%; Ta = -55°C to +125°C (M80C88) 
Voc = 5.0V +5%; = Ta = -55°C to +125°C (M80C88-2) (Continued) 


MINIMUM COMPLEXITY SYSTEM 


80C88 80C88-2 


1 
da 
rw 
ad a 
ad a 
a vem [oraremenos |e 


TEST 
CONDITIONS 


ie) 
on 


Ei 


pag 


y 
— 


26 
8 


2 


aii 
ad 
io) 


29 


~_ 


— | — -_ 
— — 


— 


30) 110 


10 
10 
10 
(32) | TAZRL | Address Float to READ Active po 
(33) | TCLRL | AD Active Delay 16 
(34) | TCLRH | RD Inactive Delay 15 
3 


10 
10 
0 


1 


TCLCL-40 
aE 
2TCLCL-50 


2TCLCL-40 


CN 
Cc 


NOTES: 
6. Signal at 82C84A shown for reference only. 
7. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
8. Applies only to T2 state (8ns into T3). 


5 
0 
160 


TCLCH-40 


70 
70 

100 
00 
15 


_ 
= 
oO 
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Waveforms 
T1 T2 T3 T4 
(1) (5) TW 
TCLCL -_ —_—S| ~ | || ~~—TCL2CL1 


CLK (82C84A OUTPUT) (4) ¥ x 
(3) (2) 
ae —~o. rd Te 
omsss TK] | TU 
= rev 
A15-A8 |g ere A15-A8 (FLOAT DURING INTA) | tg 


A19/S6-A16/S3 


(23) TCLLH—>| |< 
ALE 


RIVCL (8) Ld 
RDY (82C84A INPUT) a ayy 


SEE NOTE 9, 10 
TAYLOL —— 


CHAYX 


—_ TRYHCH — 


READY (80C88 INPUT) 


CMOS 
uPROCESSORS 


(19) (16) 
ee TLRS TDVCL 


ap7-ano =| KX _AD7-ADO ( —sparain| =) 


(32) TAZRL —> Fy TRHAV —= ~|(35) 
RD . 
30 


READ CYCLE TRLRH ., 
(WR, INTA = Von) (37) <T cierv 
DT/R 
(29) TCVCTV —=|_ |- TCVCTX —> 
(31) 
DEN ." ‘s 
FIGURE 9. BUS TIMING - MINIMUM MODE SYSTEM 
NOTES: 


9. RDY is sampled near the end of T2, T3, TW to determine if TW machine states are to be inserted. 
10. Signals at 82C84A are shown for reference only. 
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80C88 
Waveforms (continued) 


T1 T2 T3 TW T4 


| 
(4) (5) 
TCH1 CH2. “"TcL2cL1 


TWHDX —+! (28) 
(31) TCVCTX 
WRITE CYCLE EN 
28 - 
— TWLWH 
WR = 


TCLDX1 (7) 
( pointer ) < 
"| “TCHCTV (30 
8g 
INTA CYCLE al raul 


(NOTE 11) (29) TCVCTV —= apa 
RD, WA = V 
ai INTA ~~ 
SOFTWARE LE 
— XL nvauioaooress 


CLK (82C84A OUTPUT) 


soraoo | | 


oO 
m 
za 


cca ORD INVALID ADDRESS SOFTWARE HALT 
WR, INTA = V TCLAV 
OH (17) at ak TCHLL 
(24) 
ALE 
TCHCTV <= = TCVCTX 
_ (30) (23) __» <— (31) 
lO/M 
DT/R 
SSO 


FIGURE 10. BUS TIMING - MINIMUM MODE SYSTEM (Continued) 


NOTES: 


11. Two INTA cycles run back-to-back. The 80C88 local ADDR/DATA bus is floating during both INTA cycles. Control signals are shown for 
the second INTA cycle. 


12. Signals at 82C84A are shown for reference only. 
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AC Electrical Specifications Voc =5.0V +10%; Ta = 0°C to +70°C (C80C88, C80C88-2) 
Voc = 5.0V 10%; Ta = -40°C to +85°C (180C88, 180C88-2) 
Voc = 5.0V +10%; Ta = -55°C to +125°C (M80C88) 
Voc = 5.0V +5%; Ta =-55°C to +125°C (M80C88-2) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 
80C88-2 
| MAX | UNITS | TEST CONDITIONS 


SYMBOL PARAMETER 
1 


80C88 


TIMING REQUIREMENTS 


(1) CLK Cycle Period 200 

(2) CLK Low Time 118 

(3) CLK High Time 

(4) CLK Rise Time 

(5) CLK Fall Time 

(6) Data in Setup Time 

(7) Data In Hold Time 

(8) | TRIVCL | RDY Setup Time into 82C84 
a (Notes 13, 14) 

(9) RDY Hold Time into 82C84 

(Notes 13, 14) 
(10) READY Setup Time into 80C88 
(11) READY Hold Time into 80C88 


(12) | TRYLCL | READY Inactive to CLK (Note 15) 


(13) | TINVCH | Setup Time for Recognition (INTR, 30 
NMI, TEST) (Note 14) 


(14) | TGVCH | RQ/GT Setup Time 


(15) TCHGX_ | RQ Hold Time into 80C88 (Note 16) 


(16) TILIH Input Rise Time (Except CLK) 
(17) TIHIL Input Fall Time (Except CLK) 


TIMING RESPONSES 


(18) TCLML | Command Active Delay (Note 13) 


TCLMH_ | Command Inactive (Note 13) 


TRYHSH | READY Active to Status Passive 
(Notes 15, 17) 
TCHSV_ | Status Active Delay 


TCLSH Status Inactive Delay (Note 17) 10 
( TCLAV_ | Address Valid Delay 


(24) | TCLAX | Address Hold Time 
(25) TCLAZ_ | Address Float Delay TCLAX 
(26) Status Float Delay 

(27) Status Valid to ALE High (Note 13) 
(28) Status Valid to MCE High (Note 13) 
(29) CLK Low to ALE Valid (Note 13) 
(30) CLK Low to MCE High (Note 13) 


(31) TCHLL ALE Inactive Delay (Note 13) 


From 1.0V to 3.5V 
From 3.5V to 1.0V 


= 
oO 


Ww 
io) 


wor — 
of; © 


2 


oO 
—_ 
i=) 
—_ 
oO 


118 
30 


CMOS 
uPROCESSORS 


1 


1 
3 


| 
| 
‘| le 


25 
0 

35 
5 
5 
0 


TCHCL+ 


O 
aa 


TCHCL+ 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


1 
1 


o 


at ome | ak 
of; © 


=e 
oO}; oO 


w 
on 


on 


w 
oO 


1 

35 
35 
6 


5 
5 


~_— 


— | — 


110 


=| S| 


( 
( 130 


18 
19 
20 
21) 
22) 
23) 


CL = 100pF 

for all 80C88 outputs 
in addition to internal 
loads. 


=e ee ° ails 
joe 2) oO 


5 
2 
3 
2 


Nh 
oO 


0 
5 
) 
5 
0 
TCLAX 50 
0 
0 
0 
0 
8 


Ls 
is 
Lt 
=z 
zz 
zs 
Ls 


ail 
co 
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AC Electrical Specifications Vcc = 5.0V +10%; Ta = 0°C to +70°C (C80C88, C80C88-2) 
Voc = 5.0V +10%; Ta, = -40°C to +85°C (180C88, 180C88-2) 
Voc = 5.0V 10%; Ta, = -55°C to +125°C (M80C88) 
Voc = 5.0V +5%; Ta = -55°C to +125°C (M80C88-2) (Continued) 


MAX MODE SYSTEM (USING 82C88 BUS CONTROLLER) 

re a 

Cs 
0 


wax 
as 
8 
— 
=< 
[esr[ Tova [onrcrnactveDaay Wate) 9 | 
[en | Taam [AdieseFoatioReacacwe 0 | = 
oa 

50 


(38) | TCLRL Active Delay 1 
(39) | TCLRH | RD Inactive Delay 


(40) |} TRHAV_ | RD Inactive to Next Address Active TCLCL 
-45 


(41) | TCHDTL | Direction Control Active Delay 


CL = 100pF 
for all 80C88 outputs 
in addition to internal 
loads. 


15 
10 
45 
65 
(Note 13) 
30 


10 
a 
am 
LW 
La 
Ed 
=z 
= 


From 0.8V to 2.0V 


| MAX 
| is 
Le 
ae 
Le 
4 
oe 
| 80 | 
TCLCL oe 
-40 
| 50 
| 50 
p18 


hall 
ae 
RD Width ey 8 — 
a ce 


NOTES: 

13. Signal at 82C84A or 82C88 shown for reference only. 

14. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

15. Applies only to T2 state (8ns into T3). 

16. The 80C88 actively pulls the RQ/GT pin to a logic one on the following clock low time. 

17. Status lines return to their inactive (logic one) state after CLK goes low and READY goes high. 
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Waveforms 
T1 (4) T2 T3 T4 
(1) esi (5) 
<«— TCLCL TCL2CL1 TW 


oso yoy 
2 ror oR 


ssvsucerrincy KT ee 


wits ie ee.) 2 a 


(23) TCLAV TCLDV 
TCLAX ae 
arosearess =| | Ko ateate =X | | | [sess] | |) 


TSVLH = 
(27) 
ALE (82C88 OUTPUT) "9) 


mie = 
— Sgese 
READY 80C86 INPUT) 
READ CYCLE TCLAV—+»| (23) |<«- = 
AD7-ADO AD7-ADO 
(40) 
RD i 
(41) TCHDTL —» TCHDTH 
TCLR 
DT/R (38) 
TCLML (18) |j<— TCLM 
outputs 2 MADC oR TORT 
SEE NOTES 19, 21 
(35) TCVNV 
DEN 
TCVNX (36) |<«— 


FIGURE 11. BUS TIMING - MAXIMUM MODE (USING 82C88) 


NOTES: 


18. 
19. 
20. 
21. 


RDY is sampled near the end of T2, T3, TW to determine if TW machine states are to be inserted. 
Signals at 82C84A or 82C88 are shown for reference only. 
Status inactive in state just prior to T4. 


The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA, and DEN) lags the active 
high 82C88 CEN. 
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80C88 
Waveforms (Continued) 


Tw 4 


51, SO (EXCEPT HALT) Vi; | | | | + SEE NOTE 24) 
WRITE CYCLE 


| 
ine 
sorao TTT) CL [om T_T 


als Pf gd tevin cae) 

DEN TCLMH 

82088 BR (18) TCLML —» (19) 
OUTPUTS 

SEE NOTES 22,23 | AMWC OR AlOWC 

<<— TCLMH (19) 


MWTC OR IOWC 
INTA CYCLE 
A15-A8 RESERVED FOR 
(SEE NOTES 25, 26) CASCADEADDRY | eee LL LLL 
(25) TCLAZ << TCLDX1 (7) 


en ey ee eae ee ee ee ‘a Be eee 
AD7-ADO a 2 POINTER ¢ 
4 —=- —_— = = = 


(30) TCLMCH -» 


™ TT 
82C88 OUTPUTS 
2, 23, 2 18) TCLML —= 


(28) TSVMCH 


MCE/PDEN 


DEN 
TCVNX ro 
SOFTWARE (36) 
HALT - RD, MRDC, IORC, MWTC, AMWC, IOWC, AIOWC, INTA, SO, S71 = VOH 


INVALID ADDRESS 


A15-A8 


TCHSV TCLSH 
(21) (22) 


FIGURE 12. BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) (Continued) 
NOTES: 
22. Signals at 82C84A or 82C86 are shown for reference only. 


23. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the active 
high 82C88 CEN. 


24. Status inactive in state just prior to T4. 
25. Cascade address is valid between first and second INTA cycles. 


26. Two INTA cycles run back-to-back. The 80C88 local ADDR/DATA bus is floating during both INTA cycles. Control for pointer address is 
shown for second INTA cycle. 
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Waveforms (Continued) 


> 0-CLK 
anal CYCLES 
es 


TCLGH —e|(44) |< <-TGVCH (14) = Go 

__ 
'@—TCHGX (15) (43) PULSE 2 
80C88 GT 


| PULSE 1 PULSE 3 
| COPROCESSOR COPROCESSOR 
PREVIOUS GRANT RQ —r||<— TCLAZ (25) RELEASE 
AD7-ADO 80C88 COPROCESSOR 


ORES ARERR LAE RCN RAR 
TCHSV (21) 
—s|  |<— TCHSZ (26) (SEE NOTE) —=| |~=— 


A19/S6-A16/S3 


$2, $7, $0 SCARRED ARE EERIE HES AAT AU EN ee 


FIGURE 13. REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 
NOTE: The coprocessor may not drive the busses outside the region shown without risking contention. 


2 1CLK 1OR 2 
CYCLE — | CYCLES 


CLK 


te <— THVCH(13) | —> <— THVCH (13) 
(SEE NOTE) 
HOLD 


<a— TCLHAV (36) —~| |< TCLHAV (36) 
HLDA 
eee d 
-_ “<4 TCLAZ (19) 

Al 5-A8 ona ARE acoA aia a= 
B0C88 LE COPROCESSOR < B0C88 

AD7-AD0 Soman nara ste orm a|=— = 

~<— TCHSZ (20) —s| |<— TCHSV (21) 


A19/S6-A16/S3 > 
RD, WR, VO/M, DT/R, DEN, SSO 


FIGURE 14. HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 
NOTE: Setup requirements for asynchronous signals only to guarantee recognition at next CLK. 


CLK 


—z| ANY CLK CYCLE | ~<«q— 
— zs} ANY CLK CYCLE|<«— 


(13) 


<— 
NMI TINVCH (SEE NOTE) 


(23) 
INTR SIGNAL 
TEST LOCK 
FIGURE 15. ASYNCHRONOUS SIGNAL RECOGNITION FIGURE 16. BUS LOCK SIGNAL TIMING (MAXIMUM MODE 
NOTE: Setup requirements for asynchronous signals only to guar- ONLY) 


antee recognition at next CLK. 
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Waveforms (Continued) 


Vee 
CLK 
(7) TCLDX1 
(6) TOVCL —»> 
RESET 
>4 CLK CYCLES 
FIGURE 17. RESET TIMING 
AC Test Circuit AC Testing Input, Output Waveform 
OUTPUT FROM TEST INPUT OUTPUT 
DEVICE UNDER TEST rn POINT Vin + 20% Vin 
rs V 
ii 1.5V 1.5V on 
VoL 
Vit - 50% Vit 
NOTE: Includes stay and jig capacitance. AC Testing: All input signals (other than CLK) must switch between 
VILMAX 720% Vi_ and Vipin +20% Vip. CLK must 
switch between 0.4V and Vcc -0.4V. Input rise and fall 
times are driven at 1ns/V. 
Burn-In Circuits 
MD80C88 (CERDIP) 
c 
-— GND 
GND | 1 | GND Voc 
RIO RIO 
GND 12) A14 VCL 
RIO RO 
VCL [3] A13 vCc/2 
RI RO 
GND = 14) A12 a vcc/2 
GND — 5} A114 : = vcc/2 
VCL — |6 | A10 vCCc/2 
GND a vcc/2 
GND = [8] AS _ GND 
GND — 19 | AD7 RD [32 = VIL 
vou 70] ADG VCL 
RIO RO 
VCL 11] ADS ao WCL 
ver flO 12] AD4 = vcc/2 
OPEN 13} AD3 = vcc/2 
OPEN 14] AD2 vcc/2 
OPEN 15] AD1 S0 [26 RO. vecr2 
OPEN 16] ADO RO. vec 
GND = vcc/2 
GND Ts GND 
Fo AC 9] CLK Al cL 
GND 20] GND Rl NODE 
FROM 
PROGRAM 
CARD 
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Burn-In Circuits (continued) 
MR80C88 (CLCC) 


GND 


(A) (FROM PROGRAM CARD) 


NOTES: COMPONENTS: 
1. Voc = 5.5V +0.5V, GND = OV. RI = 10kQ +5%, 1/4W 


_ RO = 1.2kQ +5%, 1/4W 
2. Input voltage limits (except clock): RIO = 2.7kO +5%. 1/4W 
Vit (Maximum) = 0.4V : 


RC = 1kQ +5%, 1/4W 
Vin (Minimum) = 2.6V, Vipy (Clock) = Vcc - 0.4V) minimum. C = 0.01pF (Minimum) 
3. VCC/2 is external supply set to 2.7V +10%. 
4. Vo. is generated on program card (Vcc - 0.65V). 


5. Pins 13 - 16 input sequenced instructions from internal hold 
devices, (DIP Only). 


6. FO = 100kHz +10%. 
7. Node (A) = a 40us pulse every 2.56ms. 


Veo Vp = 
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Die Characteristics 


DIE DIMENSIONS: 
249.2 x 290.9 x 19 +1mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11kA +2 


Metallization Mask Layout 


’ 
ih ah Pd St 0 


: Ike--- re wn sas == ot = a 


Ail A12 
TS! Ts! . 
ey 
Aio # Oe 
so Hone 
| 
ALF 
AB pi | 
AD7 § oie 
Wer 
ae 
ape iD be 
ADS a : 
eee 
AD4 BI : 
AD3 E ie 
—_ 
\ }:! 
at a 
AD2 (3 = 
Api [JDM 
oye 
ADO 


NMI 


INTR CLK 


IBYES! . 


80C88 


GLASSIVATION: 
Type: SiOo 
Thickness: 8kA +1kA 


WORST CASE CURRENT DENSITY: 
1.5 x 10° A/em? 


A13 A1l4 Vcc A15 A16/S3.  A17/S4 A18/S5 


A19/S6 


as =i 
is for > 
ol aj 


oa, 


HOLD 


int) '® 
fe 


Dae HLDA 


‘ 
-Wo] 
: oO, | 


rs 
— 


( 
| 


¢ 
. 
' ul 
aT ii 


ts 
2 WA 
Se 
te 
te i (MA 
*. 
— wr PP eve “opr? PoP vor yer’ PPYPPPrPPPrYppr a7} 10 
_-—_ 
‘3 
ae 
5 
s 
3 
s DT/R 
P| 
Ss 
Fe Fee 


Ser ia} fonda old 2 


GND RESET READY TEST INTA ALE DEN 
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Instruction Set Summary 


INSTRUCTION CODE 
MNEMONIC AND DESCRIPTION 76543210 76543210 76543210 76543210 


DATA TRANSFER 
MOV = MOVE: 


Register/Memory to/from Register 
Immediate to Register | data 
Register/Memory to Segment Register +t 
Segment Register to Register/Memory 


PUSH = Push: 
Register/Memory 109111744 mod 1 10 r/m 
Register 01010reg 


Segment Register 


000reg110 


POP = Pop: 
Register/Memory 10001111 mod 000 r/m 
Register 01011 reg 


Segment Register 
XCHG = Exchange: 
Register/Memory with Register 


000reg 111 


1000011w 
10010 reg 


Register with Accumulator 


IN = Input from: 


Fixed Port 1110010w 
Variable Port 1110110w 


OUT = Output to: 


Fixed Port port 
Variable Port 

XLAT = Translate Byte to AL 

LEA = Load EA to Register2 
LDS = Load Pointer to DS 


; 
LES = Load Pointer to ES mod reg r/m 
LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 
POPF = Pop Flags 


ARITHMETIC 
ADD = Add: 


Register/Memory with Register to Either 


100000sw mod 00 0 r/m | data data if s:w = 01 


Immediate to Register/Memory 


Immediate to Accumulator 
ADC = Add with Carry: 
Register/Memory with Register to Either 
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Instruction Set Summary (Continued) 


INSTRUCTION CODE 
MNEMONIC AND DESCRIPTION 76543210 76543210 76543210 76543210 


Immediate to Register/Memory 100000sw | mod0101r/m data if s:w = 01 
Immediate to Accumulator 0001010w data if w = 1 


INC = Increment: 


Register/Memory 1111111w mod 000 r/m 
Register 01000 reg 


AAA = ASCIl Adjust for Add 


00110111 
DAA = Decimal Adjust for Add 00100111 
SUB = Subtract: 


Register/Memory and Register to Either 

Immediate from Register/Memory | data | dataifsw=01 | 
Immediate from Accumulator | data 

SBB = Subtract with Borrow 

Register/Memory and Register to Either 

Immediate from Register/Memory 
Immediate from Accumulator 


DEC = Decrement: 


Register/Memory 11111171w mod 00 1 r/m 
Register 01001 reg 


NEG = Change Sign 


1111011Ww mod 0 11 ¢/m 
CMP = Compare: 


Register/Memory and Register 

Immediate with Register/Memory data 
Immediate with Accumulator data if w = 1 

AAS = ASCIl Adjust for Subtract 
DAS = Decimal Adjust for Subtract 
MUL = Multiply (Unsigned) mod 10 0 r/m 
IMUL = Integer Multiply (Signed) mod 10 1 r/m 
AAM = ASCIl Adjust for Multiply 00001010 
DIV = Divide (Unsigned) mod 1 10 r/m 
IDIV = Integer Divide (Signed) mod 111 r/m 
AAD = ASCIl Adjust for Divide 
CBW = Convert Byte to Word 
CWD = Convert Word to Double Word 


LOGIC 

NOT = Invert mod 0 10 r/m 
SHL/SAL = Shift Logical/Arithmetic Left mod 100 r/m 
SHR = Shift Logical Right mod 10 1 r/m 


SAR = Shift Arithmetic Right mod 11 1 r/m 
ROL = Rotate Left mod 00 0 r/m 
ROR = Rotate Right 110100Vvw mod 0 0 1 r/m 


RCL = Rotate Through Carry Flag Left 110100Vvw mod 0 1 0 r/m 
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Instruction Set Summary (Continued) 


INSTRUCTION CODE 
MNEMONIC AND DESCRIPTION 76543210 76543210 76543210 76543210 
RCR = Rotate Through Carry Right 110100vw mod 0 1 1 r/m 


AND = And: 
Reg./Memory and Register to Either 0010000dw 


Immediate to Register/Memory 1000000w mod 100 r/m | data data if w = 1 
Immediate to Accumulator 0010010w | data._—=s«|_—sdatatw-1_—| 


TEST = And Function to Flags, No Result: 
Register/Memory and Register 1000010w 


Immediate Data and Register/Memory }1111011w | modoodrm | data = | dataifw=1 | 
Immediate Data and Accumulator }1010100w | = datas | dataifw=1 

OR = Or: 

Register/Memory and Register to Either 

Immediate to Accumulator }0000110w | data = | dataifw=1 

XOR = Exclusive or: 

Register/Memory and Register to Either 

Immediate to Accumulator | data 


STRING MANIPULATION 

REP = Repeat 

MOVS = Move Byte/Word 

CMPS = Compare Byte/Word 

SCAS = Scan Byte/Word | 1010111w | 

LODS = Load Byte/Word to AL/AX 
| 1010101w | 


STOS = Stor Byte/Word from AL/A 
CONTROL TRANSFER 
CALL = Call: 


Indirect Within Segment 
Indirect Intersegment 


JMP = Unconditional Jump: 


Direct Within Segment-Short }11101011 | disp 
Indirect Within Segment }411114114 | mod100rm — 


CMOS 
uPROCESSORS 


Indirect Intersegment 11111111 mod 10 1 r/m 


RET = Return from CALL: 
Within Segment 11000011 


Within Seg Adding Immed to SP 11000010 data-high 
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Instruction Set Summary (Continued) 


MNEMONIC AND DESCRIPTION 


Intersegment 

Intersegment Adding Immediate to SP 

JE/JZ = Jump on Equal/Zero 

JL/JNGE = Jump on Less/Not Greater or Equal 
JLE/JNG = Jump on Less or Equal/ Not Greater 
JB/JNAE = Jump on Below/Not Above or Equal 
JBE/JNA = Jump on Below or Equal/Not Above 
JP/JPE = Jump on Parity/Parity Even 

JO = Jump on Overflow 

JS = Jump on Sign 

JNE/JNZ = Jump on Not Equal/Not Zero 
JNL/JGE = Jump on Not Less/Greater or Equal 
JNLE/JG = Jump on Not Less or Equal/Greater 
JNB/JAE = Jump on Not Below/Above or Equal 
JNBE/JA = Jump on Not Below or Equal/Above 
JNP/JPO = Jump on Not Par/Par Odd 

JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 
LOOPNZ/LOOPNE = Loop While Not Zero/Equal 
JCXZ = Jump on CX Zero 

INT = Interrupt 

Type Specified 

Type 3 

INTO = Interrupt on Overflow 


IRET = Interrupt Return 


PROCESSOR CONTROL 
CLC = Clear Carry 
CMC = Complement Carry 
STC = Set Carry 

CLD = Clear Direction 
STD = Set Direction 
CLI = Clear Interrupt 
ST = Set Interrupt 
HLT = Halt 
WAIT = Wait 
ESC = Escape (to External Device) 
LOCK = Bus Lock Prefix 


80C88 


INSTRUCTION CODE 


76543210 76543210 76543210 76543210 


11001011 
01110100 
01111100 
01111110 
01110010 
01110170 
01111010 
01110000 
01111000 
01110101 


Porton | aap 
Perm | dep 
Perea | dep 
Peron | dep 
Perron | a 
rerrrooor | aa 
rorroor | aap 
Toeoore | aay 


11100001 
11100000 
11100011 


11001101 type 
11001100 
11001110 
11001111 


11111000 
11110101 
11111001 
11111100 
LUTE 
11111010 
11111011 
11110100 
10011011 
17011xxx 
11110000 


mod x x x r/m 
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Instruction Set Summary (Continued) 


INSTRUCTION CODE 
MNEMONIC AND DESCRIPTION 76543210 76543210 76543210 76543210 


NOTES: if s:w = 01 then 16-bits of immediate data form the operand. 
AL = 8-bit accumulator if s:;w = 11 then an immediate data byte is sign extended 
AX = 16-bit accumulator to form the 16-bit operand. 
CX = Count register if v= 0 then “count” = 1; if v = 1 then “count” in (C,) 
DS= Data segment x = don't care 
ES = Extra segment z is used for string primitives for comparison with ZF FLAG. 
Above/below refers to unsigned value. 
Greater = more positive; SEGMENT OVERRIDE PREFIX 
Less = less positive (more negative) signed values 
if d = 1 then “to” reg; if d = 0 then “from” reg 
if w at io word instruction; if w = 0 then byte REG is assigned according to the following table: 
instruction 
if mod = 11 then r/m is treated as a REG field 16-BIT (w = 1) 
if mod = 00 then DISP = Of, disp-low and disp-high 000 AX 
are absent 
if mod = 01 then DISP = disp-low sign-extended 001 CX 
16-bits, disp-high is absent 010 DX 
if mod = 10 then DISP = disp-high:disp-low 
if r/m = 000 then EA = (BX) + (SI) + DISP 011 BX 
if r/m = 001 then EA = (BX) + (DI) + DISP 100 SP 
if r/m = 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (Dl) + DISP 101 BP 
if rm = 100 then EA = (SI) + DISP 110 SI - 
if r/m = 101 then EA = (Dl) + DISP Oo 
if r/m = 110 then EA = (BP) + DISP + 111 DI nn 
if r/m = 111 then EA = (BX) + DISP Instructions which reference the flag register file as a 16-bit 2 TT) 
a cae 2nd byte of instruction (before data object use the symbol FLAGS to represent the file: Oo 8 
if require 
+ except if mod = 00 and r/m = 110 then FLAGS = Sy 
EA = Oe hight asp-oW, X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) . 


+t MOV CS, REG/MEMORY not allowed. 


Mnemonics © Intel, 1978 
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CDP1800-Series CMOS Peripherals Can Be Used 
with CMOS and NMOS Processors 


MICROPROCESSOR BUS 
MULTIPLEXED NONMULTIPLEXED 
RCA/ 
MOTOR- INTEL/ 
RCA OLA INTEL NSC ZILOG 
8048, 8051 
80C48, 80C51} 8085 
1800 80C85 
SERIES NSC800 


ROCK- 
WELL 


(NOTE 2) 
FANOUT 
6502 | INPUT | (TTL 
65C02 | LEVELS] LOADS) 


DESCRIPTION AND 
FUNCTION 


RCA I/O TYPE 


I/O PORTS 


Separator 


MEMORY I/O DECODERS 


SERIAL I/O 


CDP1854A UART Yes Note 1 Note 1 Note 1 
(Note 3) 


MULTIPLY/DIVIDE 


MDU 


KEYBOARD INTERFACE 


TIMER FUNCTIONS 


¥ 


CDP1879 Real-Time Clock es Use Use 6818, A | Use Yes Yes CMOS 1 
6818, A 6818, A 


INTERRUPT CONTROL 


CDP1877 Programmable Yes CMOS 1 
Interrupt Controller 
NOTES: 
1. Yes but requires additional “glue parts”. 


2. 1 TTL load, i.e., < 0.4V at 1.6mA 
3. Operating in 1800 compatible mode (mode 1). Otherwise see CDP6402 for mode 0 information. 


Note 1 CMOS 1 


PERIPHERALS 


80CXXX Family Peripheral Cross Reference 
ee ee ee ee 
eR epee eee pean tetera 


PERIPHERALS 
82C37A-5 82C37A-5 uPD71037 MSM82C37A-5 M5M82C37A-4, -5 | VL82C37A-4 TMP82C37A-5 
pPD8237A-5 VL82C37A-5 CA82C37A-5 
MSM82C37A VL82C37A-8 KS82C37A 
SMC82C37A 
CA82C54 


82C54 uPD71054 MSM82C54 
TMP82C54 
82C54-2 MSM82C54-2 AM82C54-2 
KS82C54-10 
TMP82C54-2 
pPD82C55A-5 MSM82C55A-5 M5M82C55A-5 


MSM82C55A-2 AM82C55A 
KS82C55A 
CA82C55A 
UM82C55A 


82C59A 82C59A-2 y.PD71059 MSM82C59-2 VL82C59A-8 AM82C59A-2 
uPD8259A CA82C59A 
KS82C59A 

TMP82C59A 


UARTS 
VL82C50A INS82C50A 
CA82C50A 
WD82C50A 
KS82C50A 


82C50A 
CA82C52 
KS82C52 


82C37A 
82C237 


82C37A-12 
82C237-12 


AM82C54 
KS82C54 


M5M82C54-6 
M5M82C54 


82C54 


82C54-10 


82C54-12 
82C55A-5 


82C55A 82C55A-2 


u.PD71055 
pPD8255A-2 


82C52 


BUS SUPPORT 
82C284-10 
82C284-12 
82C82 

82C83H 


82C284-10 
82C284-12 


KS82C284-12 
CA82C84A 
KS82C84A 


uPD71082 
uPD71083 


82C84A 
82C84A-5 


MSM82C84A 
MSM82C84A-5 


82C84A uPD71084 VL82C84A-8 


MSM82C84A-2 


82C88 82C88 4.PD71088 MSM82C88 VL82C88-8 CA82C88 
uPD8288 MSM82C88-2 KS82C88 


om - CDP1851, 
SEMICONDUCTOR CDP1851C 


March 1997 CMOS Programmable I/O Interface 


Features Description 


e 20 Programmable I/O Lines THE CDP1851 and CDP1851C are CMOS programmable two- 
port I/Os designed for use as general-purpose I/O devices. 
They are directly compatible with CDP1800-series micropro- 
cessors functioning at maximum clock frequency. Each port 
- Output can be programmed in either byte-I/O or bit-programmable 
- Bidirectional modes for interfacing with peripheral devices such as printers 


Bit-programmable and keyboards. 


° Operates in Either /O or Memory Space Both ports A and B can be separately programmed to be 8-bit 

input or output ports with handshaking control lines, RDY and 
Ordering Information STROBE. Only port A can be programmed to be a bidirectional 
port. This configuration provides a means for communicating 


with a peripheral device or microprocessor system on a single 

ackace|rewp.nance| sv | sv | Nor 8-bit bus for both transmitting and receiving data. Handshaking 
PDIP “A0°C. to +85°C loopresice [copteste |e40.6 signals are provided to maintain proper bus access control. 
Port A handshaking lines are used for input control and port B 

Burn-in CoPtasicEX] = - E406 handshaking lines are used for output; therefore port B must be 

in the bit-programmable mode where handshaking is not used. 

Ports A and B can be separately bit programmed so that each 

individual line can be designated as an input or output line. The 


handshaking lines may also be individually programmed as 
input or output when port A is not in bidirectional mode. 


e Programmable for Operation in Four Modes: 
- Input 


The CDP1851 has a supply-voltage range of 4V to 10.5V, and 
the CDP1851C has a range of 4V to 6.5V. Both types are sup- 
plied in 40-lead dual-in-line plastic (E suffix) or hermetic 
ceramic (D suffix) packages. The CDP1851C is also available 
in chip form (H suffix). 


PERIPHERALS 


Pinout CDP1851 Programming Modes 
CDP1851, CDP1851C 
(PDIP, SBDIP) (2) (2) 
TOP VIEW (8) PORT A (8) PORT B 
PORTA HANDSHAKING PORT B HANDSHAKING 
DATA PINS PINS DATA PINS PINS 


Accept Input READY, STROBE Accept Input Data | READY, STROBE 
Data 


Output Data READY, STROBE Output Data READY, STROBE 


Bidirectional | Transfer In- Input Handshaking Must be Previous- | Output Handshaking 
(Port A Only) | put/Output Data | for Port A ly Set to Bit-Pro- | for PortA 
grammable Mode 


Bit-Program- | Programmed In- | Programmed Individ- | Programmed Indi- | Programmed Individ- 
mable dividually as In- | ually as Inputs or vidually as Inputs | ually as Inputs or 
puts or Outputs | Outputs or Outputs Outputs 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 056.2 
Copyright © Harris Corporation 1997 4-5 


CDP1851, CDP1851C 


Absolute Maximum Ratings Thermal Information 
DC Supply-Voltage Range, (Vpp) Thermal Resistance (Typical, Note 1) Oya (CCIW) = Bjc (CCW) 
(Voltage Referenced to Vgg Terminal) PDIP Package..............0008. 50 N/A 
Ns) i008 s29540%56-5 beso unt]s bbendeeeaaks -0.5 to+11V SBDIP Package..............005. 36 12 
Re te Gece kak eG ee ee ao eae vse tar nsees -0.5 to +7V Maximum Storage Temperature Range (Tsta) ... 65°C to +150°C 
Input Voltage Range, All Inputs Sue, $$ Agia 6.0 Gy belay tered -0.5 to Vop +0.5V Maximum Lead Temperature (During Soldering) 
DC Input Current, Any One Input......................0.. +10mA At Distance 1/16 + 1/32 inch (1.59 + 0.79mm) 
Device Dissipation Per Output Transistor from Case for 10s Max ........ 0... cece eee eee ee eee +265°C 
For T, = Full Package- Temperature Range 
(Al PECKAGG TYPO) 2cccicecsedtradeiasnncesiansa ne 40mW 
Operating-Temperature Range (Ta) 
Package T0080 D: A csccisscavaniancvcawens -55°C to +125°C 
Package Type E ...... 2. ccc ceca eee caes -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8), is measured with the component mounted on an evaluation PC board in free air. 


Operating Conditions At T, = Full Package-Temperature Range. For Maximum Reliability, Operating Conditions Should be 
Selected so that Operation is Always within the Following Ranges: 


LIMITS 


PARAMETER 


DC Operating Voltage Range 
Input Voltage Range Vss 


Functional Diagram 
: AO 
DATA Al 
BUS DATA A2 


BUS VZ7ZZ7/ 


ZZZLA re 
BUFFER 


SECTION 
A 


P| >| > 
Hain > 


IWANAAAANAANS 


ADDRESS 


DECODE (72 


OS 


\ 
S 


MASKING SECTION |, B4 
AND B BS 


LOGIC B6 


FIGURE 1. FUNCTIONAL DIAGRAM FOR CDP1851 AND CDP1851C 


CDP1851, CDP1851C 


Static Electrical Specifications At T, = -40°C to +85°C, Vpp 5%, Unless Otherwise Specified 


| CONDITIONS — | 
Vo Vin | Yop 
PARAMETER vy | wl w 


Quiescent Device Current 


Output Low Drive 
(Sink) Current far 
Output High Drive 4.6 0,5 


(Source) Current 


<e) 
on 


oSClaSCloSO}] pO 
OAPaMantian 


ol 2S 

— 

Alo 

—_—, — _ 
EECCDCCECE 


Output Voltage Low-Level 
(Note 2) 


Output Voltage High Level 
(Note 2) 


Input Low Voltage 


So 
_ 
oO 


S 
es 
Oo 


Input High Voltage 


Input Leakage Current 


Three-State Output Leakage lour | 0.5 
Current 


> 
| 
< 


Input 


— = 
1) & “4 
ow ere 
© on 


os 0, 10 


a AG BN 
pOuteatCapacianes Gor] ft 


NOTES: 
1. Typical values are for Ty, = 25°C and nominal Vpp. 
2. lot = loH = 1pA 


joan | ye [wax | ww |e | ax 
TYP TYP UNITS 
ennendillgd £202 85 a mee ae ee 


ee ee 
eS Se 


LIMITS 
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o1 
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3. Operating current is measured at 200kHz for Vpp = 5V and 400kHz for Vpp = 10V, with open output (worst-case frequencies for 


CDP1802A system operating at maximum speed of 3.2MHz). 


Functional Description 


The CDP1851 has four modes of operation: input, output, 
bidirectional, and bit-programmable. Port A is programmable 
in all modes; port B is programmable in all but the 
bidirectional mode. A control byte must be loaded into the 
control register to program the ports. In the input and output 
modes, each port has two handshaking signals, STROBE 
and RDY. In the bidirectional mode, port A has four 
handshaking signals: A RDY and A STROBE for input, B 
RDY and B STROBE for output. If port A is programmed in 
the bidirectional mode, port B must be programmed in the 
bit-programmable mode. Each terminal of port A or B may 
be individually programmed for input or output in the bit- 


programmable mode. Since handshaking is not used in this 
mode, the RDY and STROBE lines may also be used for bit- 
programming if port A is not in the bidirectional mode. 


Input Mode 


When a peripheral device has data to input, it sends a 
STROBE pulse to the PIO. The leading edge of this pulse 
clears the RDY line, inhibiting further transmission from the 
peripheral. The trailing edge of the STROBE pulse latches the 
data into the PIO buffer register and also activates the INT line 
to signal the CPU to read this data. The INT pin can be wired 
to the INT pin of the CPU or the EF lines for polling. The CPU 


CMOS 
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CDP1851, CDP1851C 


then executes an input or a load instruction, depending on the 
mapping technique used. In either case the proper code must 
be asserted on the RAO, RA1, and CS lines to read the buffer 
register (see Table 6). 


The INT line is deactivated on the leading edge of TPB. The 
trailing edge of TPB sets the RDY line to signal the periph- 
eral that the port is ready to be loaded with new data. If RDY 
is low when the input mode is entered (i.e. after a reset), a 
“dummy” read must be done to set RDY high and signal the 
peripheral device that the port is ready to be loaded. 


Output Mode 


A peripheral STROBE pulse sent to the PIO generates an 
interrupt to signal the CPU that the peripheral device is 
ready for data. The CPU executes the proper output or store 
instruction. Data are then read from memory and placed on 
the bus. The data are latched into the port buffer at the end 
of the window when RE/WE = 0 and WR/RE = 1. The RDY 
line is also set at this time, indicating to the peripheral that 
there is data in the port buffer. The INT line is deactivated at 
the beginning of the window. After the peripheral reads valid 
port data, it can send another STROBE pulse, clearing the 
RDY line and activating the INT line as in the input mode. 


Bidirectional Mode 


This mode programs port A to function as both an input and 
output port. The bidirectional feature allows the peripheral to 


CDP1800 


FAMILY 
uP 


INT 
BUS 0-7 


ADDRESS REGISTER 


»Vop 
10kQ A 
A INT 


control port direction by using both sets of handshake signals. 
The port A handshaking pins are used to control input data 
from peripheral to PIO, while the port B handshaking pins are 
used to control output data from PIO to peripheral. Data are 
transferred in the same manner as the input and output 
modes. Since A INT is used for both input and output, the sta- 
tus register must be read to determine what condition caused 
A INT to be activated (see Table 5). 


Bit-Programmable Mode 


This mode allows individual bits of port A or port B to be 
programmed as inputs or outputs. To output data to bits 
programmed as outputs, the CPU loads a data byte into the 
8-bit port as in the output mode (no handshaking). Only bits 
programmed for outputs latch this data. Data must be stable 
when reading from bits programmed as inputs, since the 
input bits do not latch. When the CDP1851 inputs data to the 
CPU the CPU also reads the output bits latched during the 
last output cycle. The RDY and STROBE lines may be used 
for I/O by using the STROBE/RDY 1/O control byte in Table 2. 
An additional feature available in the bit-programmable 
mode is the ability to generate interrupts based on 
input/output byte combinations. These interrupts can be 
programmed to occur on logic conditions (AND, OR, NAND, 
and NOR) generated by the eight I/O lines of each port (The 
STROBE and RDY lines cannot generate interrupts). 


A RDY 
B RDY 
A STROBE 
B STROBE 


PORT AO - A7 


— PORT BO - B7 


A RDY 
B RDY 
A STROBE 
B STROBE 


__ PORT AO - A7 


PORT BO - B7 


CDP1851 


FIGURE 2. MEMORY SPACE I/O. THIS CONFIGURATION ALLOWS UP TO FOUR CDP1851s TO OCCUPY MEMORY SPACE 8XXX WITH 
NO ADDITIONAL HARDWARE (A4-A5 AND A6-A7 ARE USED AS RAO AND RA1 ON THE THIRD AND FOURTH PIO’s) 
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Programming 


Initialization and Controls 


The CDP1851 PIO must be cleared by a low on the CLEAR 
input during power-on to set it for programming. Once 
programmed, modes can be changed without clearing 
except when exiting the bit-programmable mode. A low on 
the CLEAR input sets both ports to the input modes, 
disables interrupts, unmasks all bit-programmed interrupt 
bits, and resets the status register, A RDY, and B RDY. 


Mode Setting 


The control register must be sequentially loaded with the 
appropriate mode set control bytes in order as shown in Table 
1 (i.e. input mode then output mode, etc.). Port A is set with 
the SET A bit = 1 and port B is set with the SET B bit = 1. Ifa 
port is set to the bit-programmable mode, the bit-programming 
control byte from Table 2 must be loaded. A bit is programmed 
for output with the I/O bit = 1 and for input with the |/O bit = 0. 
The STROBE and RDY lines may be programmed for input or 
output with the STROBE/RDY control byte of Table 2. Input 


REPEAT FOR EACH 
BIT-PROGRAMMABLE 
PORT 


REPEAT FOR EACH 
BIT-PROGRAMMABLE 
PORT 


BIT-PROGRAMMED 
PORT? 


SET BIT LOGICAL 

CONDITIONS AND 

MASKING USING 
TABLE 3 


data on the STROBE and RDY lines is detected by reading 
the status register. When using the STROBE or RDY lines for 
output, the control byte must be loaded every time output data 
is to be changed. To program logical conditions that will gen- 
erate an interrupt, the interrupt control byte of Table 3 must be 
loaded. An interrupt mask of the eight I/O lines may be loaded 
next, if bit D4 (mask follows) of the interrupt control byte = 1. 
The I/O lines are masked if the corresponding bit of the inter- 
rupt mask register is 1, otherwise it is monitored. Any combi- 
nation of masked bits are permissible, except all bits masked 
(mask = FF). 


INT Enable Disable 


To enable or disable the INT line in all modes, the interrupt 
ENABLE/DISABLE byte must be loaded (see Table 4). Inter- 
rupts can also be detected by reading the status register 
(see Table 5). All interrupts should be disabled when 
programming or false interrupts may occur. The INT outputs 
are open drain NMOS devices that allow wired O Ring (use 
10K pull-up registers). 


GENERATE CLEAR PULSE 
AT PIN 13 


SET PORTS A AND B 
TO INPUT, OUTPUT, OR 
BIT-PROGRAMMABLE MODE 
USING TABLE 1 


FIGURE 3. A FLOW CHART GUIDE TO CDP1851 MODE PROGRAMMING 


NOTES: 


1. STROBE/READY 1/O Control Byte (Table 2) is also used to output data to STROBE and READY lines when bit-programmed. 
2. Status register (Table 2) is used to input data from STROBE and READY lines when bit-programmed. 


3. Interrupt status is also read from status register. 
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TABLE 1. (RA1 = 0, RAO = 1) 


| wocste | oy fe fle |e |e fe Pl 
MODE SET Fj 

meri tp me fe | ep 
oma P| fe | oe | x | 
a 


NOTE: 
1. Modes should be set in order as shown in Table 1. 


lf either port is set for bit-programmable mode, the two following control bytes should immediately follow: 


TABLE 2. (RA1 = 0, RAO = 1) 


OO 
Bit-Programming (Note 1) 1/07 1/O6 1/05 04 1/03 1/02 1/01 1/00 


NOTES: 
1. Output = 1, Input = 0 
. (D1) O= PortA, 1 = PortB 
. (D2) 0 = No change to RDY line function, 1 = Change per bit (D6) 
. (D3) 0 = No change to STROBE line function, 1 = Change per bit (D7) 
. (D4) RDY line output data 
. (D5) STROBE line output data 


. (D6) RDY line used as: 
Output = 1 
Input = 0 
8. (D7) STROBE line used as: 
Output = 1 
Input = 0 


N OO f& W DY 


If interrupts will be used for either bit-programmed port, the following control bytes should be loaded. 


TABLE 3. (RA1 = 0, RAO = 1) 


NOTES: 
1. (D3) 0 = PortA, 1 = PortB 
2. (D4) 0 = No change in mask, 1 = Mask follows (See Table 3A) 
3. (D5)(D6) 0, 0 = NAND; 1, 0 = OR; 0, 1 =NOR; 1, 1 = AND 


TABLE 3A. (RA1 = 0, RAO = 1) 


INTERRUPTCONTROL =| 7 =| 6 | 5 | 4 | 3 | 2 | 41 | o | 
Mask Register (If D4 = 1) B7 Mask | B6 Mask } BS Mask B4 Mask | B3 Mask } B2 Mask | B1 Mask | BO Mask 


NOTE: 
1. If Bn Mask = 1 then mask Bit (for n = 0 to 7) 
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TABLE 4. (RA1 = 0, RAO = 1) 


[wrenrurrcommor 7 T *§ [s**t Ty 


Interrupt Enable/Disable INT X xX X 1 
Enable 


NOTES: 
1. INT Enable = 1, INT Enabled 
= 0, INT Disabled 
2. A/B=0, PortA 
=1,PortB 


TABLE 5. (RA1 = 0, RAO = 1) 


a 
Co nen i On ee ee ee ee ee ee 


NOTES: 


1. All Modes 
(DO) BINT status (1 means set) 
(D1) AINT status (1 means set) 


2. Bidirectional Mode Only 
(D2) 1=A INT was caused by A STROBE 
(D3) 1=AINT was caused by B STROBE 


3. Bit-Programmable Mode 
(D4) A RDY input data 
(D5) A STROBE input data 
(D6) B RDY input data 
(D7) B STROBE input data 


TABLE 6. CPU CONTROLS 


(NOTE 1) 
cs ACTION 


No-op bus three-stated 


x< 


aa 
ae No-op bus three-stated 
No-op bus three-stated 
1 it 
ae 
a ae 
ae 
is 


1 


X 

X 
Read status register (Note 1) 

1 Load control register 

Read port A (Note 1) 

Load port A 

Read port B (Note 1) 


Load port B 


1. Read = RD/WE = 1 and WR/RE = 0 is latched on trailing edge of CLOCK. 


TABLE 7. MEMORY I/O USE 


ae RD/WE INPUT WR/RE INPUT TPB INPUT 
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Function Pin Definition 


CLOCK (Input): 


Positive input pulse that latches READ and CS on its trailing 
edge. 


CS - CHIP SELECT (input) 
A high-level voltage at this input selects the CDP1851 PIO. 
RAO - REGISTER ADDRESS 0 (Input): 


This input and RA1 are used to select either the ports or the 
control/status registers. 


RA1 - REGISTER ADDRESS 1(Input): 
See RAO 


BUS 0 - BUS 7: 
Bidirectional CPU data bus. 
CLEAR (input) 


A low-level voltage at this input resets both ports to the input 
mode, and also resets the status register, A RDY, B RDY, 
and interrupt enable (disabling interrupts). 


AINT - A INTERRUPT (Output): 


A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table 3. This output is 
an open-drain NMOS device (to allow wired O Ring) and 
must be tied to a pullup resistor, normally 10kQ. 


B INT - B INTERRUPT (Output): 


A low-level voltage at this output indicates the presence of 
one of the interrupt conditions listed in Table 3. This output is 
also an open-drain NMOS device and must be tied to a 
pullup resistor. 


B RDY - B READY (Output): 


This output is a handshaking or data bit I/O line in the bit- 
programmable mode. 


B STROBE (Input): 


An input handshaking line for port B in the input and output 
modes, and for port A when it is in the bidirectional mode. It 
can be used as a data bit I/O line in the bit-programmable 
mode except when port A is not programmed as bidirectional. 


BO - B7: 

Data input or output lines for port B. 
Vss 

Ground 

AO - A7: 

Data input or output lines for port A. 


A STROBE (input): 


An input handshaking line for port A in the input, output, and 
bidirectional modes. It can also be used as a data bit !/O line 
when port A is in the bit-programmable mode. 


ARDY - AREADY (Output): 
A output handshaking line or data bit I/O line. 
TPB (Input): 


A positive input pulse used as a data load, set, or reset 
strobe. 


WRI/RE - WRITE/READ ENABLE (Input): 


A positive input used to write data from the CDP 1851 to the 
CPU bus. 


RD/WE - READ/WRITE ENABLE (Input): 


A positive input used to read data from the CPU bus to the 
CDP1851 bus. 


Vpp: 
Positive supply voltage. 
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A RDY 
B RDY 
A STROBE 
B STROBE 


ei PORT AO - A7 


PORT BO - B7 


A RDY 
B RDY 


A STROBE 
B STROBE 


a PORT AO - A7 


PORT BO - B7 


FIGURE 4. I/O SPACE I/O 
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Dynamic Electrical Specifications At T, = -40°C to +85°C, Vpp +5%, t,, t’ = 20s, Vjy = 0.7 Vpp, Vit = 0.3 Vpp, C, = 100pF 
LIMITS 


CDP1851C 


(NOTE 1) | (NOTE 2) 
TYP MAX UNITS 


CDP1851 


(NOTE 1) | (NOTE 2) 
TYP MAX 


riy 
=o 


PARAMETER 
INPUT MODE SEE FIGURES 4 AND 5 


Minimum Setup Times: 
Chip Select to CLOCK 


tescL 


RD/WE to CLOCK trwecL 


toist 


WR/RE to CLOCK 


Data in to STROBE 


Minimum Hold Times: 


Chip Select After CLOCK tucscL 


Address After TPB 


tHATPB 


Data In After STROBE 


tusToI 


Data Bus Out After Address | tyapon 


Propagation Delay Times: 


TPB to INT teint 


STROBE to INT tsTINT 


TPB to RDY 


ttTpRDY 


STROBE to RDY tstRDy 


Minimum Pulse Widths: 


CLOCK lnc 


twrpB 


STROBE 


Access Time, Address to Data 
Bus Out 


NOTES: 
1. Typical values are for Ty = 25°C and nominal voltages. 


twsT 


taDa 


2. Maximum limits of minimum characteristics are the values above which all devices function. 
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Test Circuit and Waveforms 


INPUT 
SIGNAL 


FIGURE 5. INTERRUPT SIGNAL PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 


tsTRDY trprRDY 


tpINT 


{ 


STROBE 


‘pIsT = tustoI 


twet 


CLOCK = (TPA) 


= 
a 
il 
a 9 
- 
Z 
oO 
a 


MEMORY SPACE 
RD/WE = (MWR) tRWwcL 
RD/WE = (MRD) 
VO SPACE 
WR/RE = (TPB) 


tHaTPB 


ALID PORT ADDRES 


RA1/RA0 iO OR Il 


DATA BUS 


FIGURE 6. INPUT MODE TIMING WAVEFORMS 
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Dynamic Electrical Specifications At Ts = -40°C to +85°C, Vpp +5%, tp, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp, Cy = 100pF 


PIM 
CDP1 ee 
Vpp (NOTE 1) | (NOTE 2) (NOTE 1) | (NOTE 2) 
PARAMETERS (V) TYP MAX TYP MAX UNITS 


OUTPUT MODE SEE FIGURES 4 AND 6 


a 
oO 
me) 
—_ 
fe] 
ai 
—_ 


Minimum Setup Times: 
Chip Select to CLOCK 


RD/WE to CLOCK 


WR/RE to CLOCK 


Address to WRITE (Note 3) 


Data Bus to WRITE (Note 3) 


Minimum Hold Times: 
Chip Select After CLOCK 


S 


Address After WRITE (Note 3) 


Data Bus After WRITE (Note 3) 


Propagation Delay Times: 
WRITE to Data Out (Note 3) 


twoo 


WRITE to INT (Note 3) 


tWinT 


WRITE to RDY (Note 3) 


STROBE to IN 


tsTINT 


STROBE to RDY tstrRpy 


+ 
a 9 
= re} 
Q 


So 
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Dynamic Electrical Specifications At T, = -40°C to +85°C, Vpp +5%, tg, te = 20s, Vi} = 0.7 Vpp, Vi, = 0.3 Vpp, C, = 100pF 


LIMITS 
CDP1851 CDP1851C 
UNITS 


(NOTE 2) (NOTE 1) | (NOTE 2) 
PARAMETERS TYP MAX 
Minimum Pulse Widths: 
CLOCK 120 
275 


75 
75 


1 


WRITE (Note 3) 


som re 


NOTES: 
1. Typical values are for Ty = 25°C and nominal voltages. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 
3. WRITE is the overlap of RD/WE = 0 and WA/RE = 1. 
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RDY 


STROBE 


CLOCK = (TPA) 


cS 


DATA-OUT 


WR/RE = (MRD) 


= (MWA) 


WR/WE = (TPB) 


RD/WE = (MRD) 


RA1/RAO 


DATA BUS 


NOTE: 


twei 
—_——_ 


tHcscL —> 


tescL 


VOSPACE tao, 


CDP1851, CDP1851C 


twrpB 
—j-—— 


MEMORY SPACE ay 


— sn 


VALID PORT ADDRESS 
10 OR ll 


tow | 


t 3 VALID DATA 


1. Write is the overlap of WR/RE = 1 and RD/WE = 0 
FIGURE 7. OUTPUT MODE TIMING WAVEFORMS 
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VALID DATA OUT 


(NOTE 1) 


tow 


_ CDP1852, 
SEMICONDUCTOR CDP1852C 


March 1997 Byte-Wide Input/Output Port 


aD 


Features Description 


¢ Static Silicon-Gate CMOS Circuitry The CDP1852 and CDP1852C are parallel, 8-bit, mode-pro- 
grammable input/output ports. They are compatible and will 
interface directly with CDP1800-series microprocessors. They 
Handshaking Via Service Request Flip-Flop are also useful as 8-bit address latches when used with the 

CDP1800 multiplexed address bus and as I/O ports in general- 
Low Quiescent and Operating Power purpose applications. 


Parallel 8-Bit Data Register and Buffer 


Interfaces Directly with CDP1800-Series The mode control is used to program the device as an input port 

Microprocessors (mode = 0) or as an output port (mode = 1). The SR/SR output 

can be used as a signal to indicate when data is ready to be 

transferred. In the input mode, a peripheral device can strobe 

Full Military Temperature Range (-55°C to +125°C) data into the CDP1852, and microprocessor can read that data 

by device selection. In the output mode, a microprocessor 

Ordering Information strobes data into the CDP 1852, and handshaking is established 
with a peripheral device when the CDP1852 is deselected. 

racce|rem ewer] | sor [OE] te rps to snare sin wri 607 

strobed into the port’s 8-bit register by a hi evel on the 

IPDIP_—_|-40°C to +85°C |CDP1852CE |CDP1852E |E24.6 _ clock line. The negative hiditolow vanstion of the clock 

ISBDIP | -40°C to +85°C |CDP1852CD|CDP1852D |D24.6 | latches the data in the register and sets the service request out- 


put low (SR/SR = 0). When CS1/CS1 and CS2 are high 
(CS1/CS1 and CS2 = 1), the three-state output drivers are 
enabled and data in the 8-bit register appear at the data-out ter- 
minals (DOO-D07). When either CS1/CS1 or CS2 goes low 
(CS1/CS1 or CS2 = 0), the data-out terminals are three-stated 
and the service request output returns high (SR/SR =1). 


Single Voltage Supply 


In the output mode, the output drivers are enabled at all times. 
Data at the data-in terminals (DIO-DI7) is strobed into the 8-bit 
register when CS1/CS1 is low (CS1/CS1 = 0) and CS2 and the 
clock are high (1), and are present at the data-out terminals 
(DOO-D07). The negative high-to-low transition of the clock 
latches the data in the register. The SR/SR output goes high 
(SR/SR = 1) when the device is deselected (CS1/CS1 = 1 or 
CS2 = 0) and returns low (SR/SR = 0) on the following trailing 
edge of the clock. 


PERIPHERALS 


Pinout Typical CDP1802 Microprocessor System 
24 LEAD DIP 
TOP VIEW 


cpu | —_____eavt vo 


CDP1802 CDP1852 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 1 66.2 
Copyright © Harris Corporation 1997 4-19 
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Absolute Maximum Ratings Thermal Information 

DC Supply-voltage Range, (Vpp) Thermal Resistance (Typical) Bsa (CCIW) Bjo (CCW) 
(Voltage Referenced to Vssg Terminal) POMP PaCKag@ <i 2scsssciceciauwes 65 N/A 
COP Gee <eenccGs annwseseaeetncksennorek nis -0.5 to +11V SOU PROMEOE soos ices enewiannee 65 20 
BE IGS e es cede at srudye a ees cecasosweieyas ed -0.5to+7V Operating-Temperature Range (Ta) 

Input Voltage Range, Allinputs .............. -0.5 to Vpp +0.5V Packane Type GH 2k ccecansesaneworeea es -55°C to +125°C 

DC Input Current, Any One Input......................0.. +10mA PaGKags IWP6E.. ccs cccsacnccvaviwe vee ewes -40°C to +85°C 

Device Dissipation Per Output Transistor............... 100mW Storage Temperature Range (Tstg)......------ -65°C to +150°C 
For T, = Full Package- Temperature Range Lead Temperature (During Soldering): ................. +265°C 
(All Package Type) At Distance 1/16 + 1/32 inch (1.59 + 0.79mm) 


from Case for 10s max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions At T, = Full Package Temperature Range. For Maximum Reliability, Operating Conditions Should be 
Selected so that Operation is Always within the Following Ranges: 


LIMITS 
CDP1852 CDP1852C 
PARAMETER 


Functional Diagram 
1 23 
CSVCSI SR/SR 
(NOTE 1) a CONTROL (NOTE 1) 
13 | DECODE LOGIC 
CS2 
24 
CLOCK ss 
CLEAR 14 
pio RESET CLOCK ENABLE 4 poo 
Dit 6 pot 
STATE To 
. oureur yg 203 
P4 REGISTER DRIVERS 17 
DI5 DOS 
P23 DI6 19 | p06 
DI7 21. p07 


NOTE: 
1. Polarity depends on mode. 
FIGURE 2. FUNCTIONAL BLOCK DIAGRAM FOR CDP1852 
A CLEAR control is provided for resetting the port’s register 


(DO0-DO7 = 0) and service request flip-flop (input mode: 
SR/ SR = 1 and output mode: SR/SR = 0). 


The CDP1852 is functionally identical to the CDP1852C. 
The CDP1852 has a recommended operating voltage range 
of 4 to 10.5 volts, and the CDP1852C has a recommended 
operating voltage range of 4 to 6.5 volts. 


The CDP1852 and CDP1852C are supplied in 24-lead, 
hermetic, dual-in-line ceramic packages (D suffix), in 24-lead 
dual-in-line plastic packages (E suffix). The CDP1852C is 
also available in chip form (H suffix). 
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Logic Diagram 


cs2 (13) 
cs1/Csi (1) 


SERVICE 
REQUEST 
LATCH 


pio (3) > 


TG 
= 


lel | 
Go 
oe) 
So 


3 


AL : 
ail e 
397? 

< 

2 | 
Bam awe es «= @ 


DI1 


eee se |l!lmtmmttt”t”t*:tt‘ S:C 


Se eer oe at eee ee ee See. eee 


DI7 


; 


FIGURE 3. CDP1852 LOGIC DIAGRAM 


Static Electrical Specifications At T, = -40°C to +85°C, Unless Otherwise Specified 


CONDITIONS LIMITS 
PARAMETER 


CDP1852 CDP1852C 
Vo ViN Vop (NOTE1) (NOTE1) 
(V) (V) (V) TYP TYP UNITS 
Quiescent Device Current 


Output Low Drive 
(Sink) Current 


Output High Drive 
(Source) Current 


Output Voltage Low-Level 
(Note 2) 
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Static Electrical Specifications At T, = -40°C to +85°C, Unless Otherwise Specified (Continued) 


| CONDITIONS BMT 
a ee a et 
Vo | Vw | Von oe a 
PARAMETER Vv) | w |W) TYP TYP UNITS 


Output Voltage High Level 
(Note 2) 


Input Low Voltage 


Input High Voltage 


I+ 
—_ 


Input Leakage Current 


5 = 


I+ 
—_ 


Three-State Output Leakage 
Current 


ETE 


w 
oO 
= 


N 
on 
= <| <!| < 
>i >i +i >i >| > 


som a= 
TT 


TC 
TN 


NOTES: 
1. Typical values are for Ty = 25°C and nominal Vpp. 
2. loc = lon = 1pA 
3. Operating current is measured at 2MHz in an CDP1802 system with open outputs and a program of 6N55, 6NAA, 6N55, 6NAA.... 


Dynamic Electrical Specifications At Ts = -40°C to +85°C, Vpp = +5%, tr, te = 20ns, Viy = 0.7 Vpp, Vi, = 0.3 Vpp, Cy = 100pF, 
and 1 TTL Load 


a oe 
Yew pce enn 1) 
PARAMETER (V) TYP UNITS 


MODE 0 - INPUT PORT (See Figure 4) 


Minimum Select Pulse Width 


Minimum Write Pulse Width 


Minimum Clear Pulse Width 
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Dynamic Electrical Specifications 


At Ta = -40°C to +85°C, Vop = 70, tr, te = 20ns, Vin = 0.7 Vop Vit =0.3 Vopp: Cc. = 100pF, 


and 1 TTL Load (Continued) 


PARAMETER 


Minimum Data Setup Time 


Minimum Data Hold Time 


Data Out Hold Time (Note 2) 


Propagation Delay Times, tp; y, tpH. 
Select to Data Out (Note 2) 


Clear to SR 


Clock to SR 


Select to SR 


NOTES: 
1. Typical values are for T, = 25°C and nominal Vpp. 


LIMITS 
UNITS 


(NOTE 1) 
TYP 
-10 


Ni —_ 


ol 
cali 
oO 
oO 


Ww 
io) 


_ ois 
on 


—_ 
A 
Oo 


: = 


ak 
oO 


Nh 
> 


= 
ne) 
oO 
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2. Minimum value is measured from CS2, maximum value is measured from CS1/CS1. 


Input Port Mode 0 - Typical Operation 


General Operation 


When the mode control is tied to Vgs, the CDP1852 
becomes an input port. In this mode, the peripheral device 
places data into the CDP1852 with a strobe pulse and the 
CDP1852 signals the microprocessor that data is ready to 
be transferred on the strobe’s trailing edge via the SR output 
line. The CDP1802 then issues an input instruction that 
enables the CDP1852 to place the information from the 
peripheral device on the data bus to be entered into a mem- 
ory location and the accumulator of the microprocessor. 


Detailed Operation (See Figure 5) 


The STROBE from the peripheral device places DATA into 
the 8-bit register of the CDP1852 when it goes high and 
latches the DATA on its trailing edge. The SR output is set 
low on the strobe’s trailing edge. This output is connected to 
a flag line of the CDP1802 microprocessor and software 
polling will determine that the flag line has gone low and 
peripheral data is ready to be transferred. The CDP1802 
then issues an input instruction that places an Ny line high. 
With the MRD line also high, the CDP1852 is selected and 


its output drivers place the DATA from the peripheral device 
on the DATA BUS. When the CDP1802 selected the 
CDP1852, it also selected and addressed the memory via 
one of the 16 internal address registers selected by an 
internal “X” register. The data from the CDP 1852 is therefore 
entered into the memory [Bus — M(R(X))]. The data is also 
transferred to the D_ register (accumulator) in the 
microprocessor (Bus — D). When the CDP1802’s execute 
cycle is completed, the CDP1852 is deselected by the Nx 
line returning low and its data output pins are three-stated. 
The SR output returns high. 
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(NOTE 1) 


IMPEDANCE 


tcsr 
if <a 
tRsR 


CLEAR | | 


NOTE 1. CS1 « CS2 is the overlap of CS1 = 1 and CS2 = 1. 
MODE 0 TRUTH TABLE SERVICE REQUEST TRUTH TABLE 


OG 
a 
a _ _ 


CS1 or CS2 


or CLEAR 


SR/SR 0 SR/SR 1 


t CS1 ¢CS2: CS1 = 1, CS2=1 


FIGURE 4. MODE 0 INPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 


MEMORY CDP1802 . CDP1852 


JL 


STROBE 


DATA FROM 
PERIPHERAL 


Sele BUS 
STROBE 
Gees eu Re A SA AL eA ce Ns 
PERIPHERAL DEVICE 
cia PLACES DATA IN CDP1852 
—_—_—————_—_—_—_—_—_——— AND CDP1852 SIGNALS 
CDP1802 THAT DATA IS READY 
SR/SR 
Nx 
re RANE 8 EERE ARNE So nents ey 
CDP1802 SELECTS 
MRD CDP1852 AND DATA 
TO MEMORY AND 
THE MICROPROCESSOR 
DATA BUS THREE - STATE 


FIGURE 5. INPUT PORT MODE 0 FUNCTIONAL DIAGRAM AND WAVEFORMS - TYPICAL OPERATION 
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Dynamic Electrical Specifications At T, = -40°C to +85°C, Vpp = +5%, tp, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp, Cy = 100pF, 


and 1 TTL Load 


MODE 1- OUTPUT PORT (See Figure 6) 


Minimum Clock Pulse Width tcLk 


Propagation Delay Times, tpi y, teye 
Clear to Data Out 


Write to Data Out 
Data In to Data Out 
Clear to SR 

Clock to SR 

Select to SR 


NOTE: 
1. Typical values are for Ty, = 25°C and nominal Vpp. 


Output Port Mode 1 - Typical Operation 


General Operation 


Connecting the mode control to Vpp configures the 
CDP1852 as an output port. The output drivers are always 
on in this mode, so any data in the 8-bit register will be 
present at the data-out lines when the CDP1852 is selected. 
The N line and MRD connections between the CDP1852 
and CDP1802 remain the same as in the input mode 
configuration, but now the clock input of the CDP1852 is tied 
to the TPB output of the CDP1802 and the SR output of the 
CDP1852 will be used to signal the peripheral device that 
valid data is present on its input lines. The microprocessor 
issues an output instruction, and data from the memory is 
strobed into the CDP1852 with the TPB pulse. When the 
CDP1852 is deselected, the SR output goes high to signal 
the peripheral device. 


LIMITS 
Vers (NOTE 1) 
PARAMETER (V) TYP UNITS 
Minimum Write Pulse Width 


— 
Ww 
oO 


ie) 
on 
= 
Ww 
oO 


=k, 
oO 


a 
_ 
PS 
oO 


_ 
Nh 
i=) 


w 
oO 


= 
o 


pS 
BN 
oO}; © 


oT1ToaTo 
“N a 
tS 4] 


280 


| 
oO 
aks 
BAS 


ol = 
o 
SOls 
nm 
ro) 
o 


Nh 
PS 
Oo 


— 
Lye) 
(2) 


—_ 
ine) 
oS 


—_ 
Nh 
oO 


120 


Detailed Operation (See Figure 7) 


The CDP1802 issues an output instruction. The Ny line goes 
high and the MRD line goes low. The memory is accessed 
M(R(X)) — BUS and places data on the DATA BUS. This 
data are strobed into the 8-bit register of the CDP1852 when 
TPB goes high and latched on the TPB’s trailing edge. The 
valid data thus appears on the CDP 1852 output lines. When 
the CDP1802 output instruction cycle is complete, the Nx 
line goes low and the SR output goes high. SR will remain 
high until the trailing edge of the next TPB pulse, when it will 
return low. 
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tww (NOTE 2) 


CS1-CS2 \ 


(NOTE 1) 


tox 


gage commen me, 


sara our eT > (i 


SR 
b tesr 


CLEAR 
NOTES 


1. CS1 ¢CS2 is the overlap of CS1 = 0 and CS2 = 1. 
2. Write is the overlap of CS1 e CS2 and CLOCK. 


MODE 1 TRUTH TABLE SERVICE REQUEST TRUTH TABLE 


a a a 
a 
a 
ee ee ee ee 
+ CS1+CS2:CS1 =0, CS2=1 

FIGURE 6. MODE 1 OUTPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 


MEMORY CDP1802 CDP1852 
N CS2 


DATA OUT TO 
PERIPHERAL DEVICE 


SIGNAL THAT INDICATES 
DATA IS READY 


DATA BUS 


Nx @D 


TPB yal) D 
CDP1852 IS SELECTED 
AND DATA IS 
STROBED INTO IT’S 
WAD - REGISTER WITH TPB 


DATA BUS VALID 
DATA 
DATA TO DATA IS OUTPUTTED 
PERIPHERAL FROM THE CDP1852 
DEVICE AND THE PERIPHERAL 
a DEVICE IS SIGNALED 


SR/SR 


FIGURE 7. OUTPUT PORT MODE 1 FUNCTIONAL DIAGRAM AND WAVEFORWMS - TYPICAL OPERATION 
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Application Information 


In a CDP1800 series microprocessor-based system where 
MRD is used to distinguish between INP and OUT 
instructions, an INP instruction is assumed to occur at the 
beginning of every I/O cycle because MRD starts high. 
Therefore, at the start of an OUT instruction, which uses the 
same 3-bit N code as that used for selection of an input port, 
the input device is selected for a short time (see Figure 8). 


This condition forces SR low and sets the internal SR latch 
(see Figure 3). In a small system with unique N codes for 
inputs and outputs, this situation does not arise. Using the 
CDP1853 N-bit decoder or equivalent logic to decode the N 
lines after TPA prevents dual selection in larger systems 
(see Figure 9 and Figure 10). 


SR \ ff 


FIGURE 8. EXECUTION OF A “65” OUTPUT INSTRUCTION SHOWING MOMENTARY SELECTION OF INPUT PORT “D” 


CE | a | nm 
| | ! 
EN 
(NOTE  —_—— a = 
OUTPUT i ‘ ; 


FIGURE 9. CDP1853 TIMING WAVEFORMS 
NOTE: 


1. Output enabled when EN = HIGH. Internal signal shown for refer- 


ence only (See Figure 1). 


OUT 0 
OUT 1 
OUT 2 
OUT 3 
OUT 4 
OUT 5 
OUT 6 
OUT 7 


No —2 > 
10F 8 
4 DECODER 


Nt i 
no 14 : 


= 

—=57D 
—_ 

CLOCK B bes > ‘-& 


FIGURE10. CDP1853 FUNCTIONAL DIAGRAM 


CLOCKA 1 
(TPA) 


ee S 
> 
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CDP1852/3 
HARRIS : 
a SEMICONDUCTOR CDP1852C/3 


March 1997 High-Reliability Byte-Wide Input/Output Port 
Features : Description 
e Static Silicon-Gate CMOS Circuitry The CDP1852/3 and CDP1852C/3 are parallel, 8-bit, mode- 


rogrammable input/output ports. They are compatible and 
~ Parallel 6-Git Data Register and Butter will interface Teccity with CDP1800-Series microprocessors. 
¢ Handshaking Via Service Request Flip-Flop They are also useful as 8-bit address latches when used 
with the CDP1800 multiplexed address bus and as |/O ports 
in general-purpose applications. 


* Interfaces Directly with CDP1800-Series Microproces- = T1_ mode control is used to program the device as an input 


e Low Quiescent and Operating Power 


= port (mode = 0) or as an output port (mode = 1). The SR/SR 

¢ Single Voltage Supply output can be used as a signal to indicate when data is 
ready to be transferred. In the input mode, a peripheral 

¢ Full Military Temperature Range device can strobe data into the CDP1852/3, and micropro- 
(-55°C to +125°C) cessor can read that data by device selection. In the output 


mode, a microprocessor strobes data into the CDP1852/3, 
and handshaking is established with a peripheral device 
when the CDP 1852/3 is deselected. 


In the input mode, data at the data-in terminals (DIO-DI7) is 
strobed into the port’s 8-bit register by a high (1) level on the 
clock line. The negative high-to-low transition of the clock 
latches the data in the register and sets the service request 
output low (SR/SR = 0). When CS1/CS1 and CS2 are high 
(CS1/CS1 and CS2 = 1), the three-state output drivers are 


Ordering Information 


TEMP. 
RANGE 5V 10V 


SBDIP —_|-55°C to +125°C | CDP1852CD3 |CDP1852D3 |D24.6 | 


Pinout enabled and data in the 8-bit register appear at the data-out 
terminals (DO0O-DO7). When either CS1/CS1 or CS2 goes 
CoP" ee (SBDIP) low (CS1/CS1 or CS2 = 0), the data-out terminals are tristated 


and the service request output returns high (SR/SR =1). 


In the output mode, the output drivers are enabled at all 
times. Data at the data-in terminals (DIO-DI7) is strobed into 
the 8-bit register when CS1/CS1 is low (CS1/CS1 = 0) and 
CS2 and the clock are high (1), and are present at the data- 
out terminals (DOO-DO7). The negative high-to-low transi- 
tion of the clock latches the data in the register. The SR/SR 
output goes high (SR/SR = 1) when the device is deselected 
(CS1/CS1 = 1 or CS2 = 0) and returns low (SR/SR = 0) on 
the following trailing edge of the clock. 


A CLEAR control is provided for resetting the port’s register 
(DO0-DO7 = 0) and service request flip-flop (input 
mode: SR/SR = 1 and output mode: SR/SR = 0). 


The CDP1852/3 is functionally identical to the CDP1852C/3. 
The CDP1852/3 has a recommended operating voltage 
range of 4V to 10.5V, and the CDP1852C/3 has a recom- 
mended operating voltage range of 4V to 6.5V. 


The CDP1852/3 and CDP1852C/3 are supplied in 24-lead, 
dual-in-line side-brazed ceramic packages (D suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 694 2 
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Block Diagram of CDP1852/3 


i 
cCsVCSIt DEVICE 
i SELECT gong 23 |. SR/SRT 
cs2 DECODE 
24 Vp 
Vss 


(?) 
rice 
fe) 
ues 

Am 


Dio .3 RESET CLOCK ENABLE 4. Doo 
pi1 5 6. po1 
pi2 7 8 
DI3 9 8-BIT THREE- Tees 
STATE DO3 
pi4 16 DATA 15 
OUTPUT DO4 
pis _18 REGISTER DRIVERS 17. pos 
Dig 20 19 DO6 
¥ POLARITY DEPENDS ON MODE 
pi | csi {| cSsi_| 
p23 | SR | sR_| 
FIGURE 1. 
cs2 
csvcsi S SR/SR 
MODE : s ' és 
©-> - 2 
SERVICE <q 
‘a [eee 8 & 
O Ww 
CLEAR Qt 
Oo > oo 
fom 
Ww 
oO. 
CLOCK 
Fr 
| 
DIO : 


CDP1852/3, CDP1852C/3 


Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp): 


Thermal Information 


Thermal Resistance (Typical) 


(All Voltages Referenced to Vsg Terminal) SBDIP PaCkAQG. 66 cseccscens eens 65 20 


CO OG ee 6 65-6 5040 50000660 nR ews e Faden esse -0.5V to+11V Device Dissipation Per Output Transistor 
CA Esse at ns £02 eRe enna Bere -0.5V to +7V T, = Full Package Temperature Range 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V (All PACKAGS TVGGG) ic csc acani new anai seen ween 66 100mW 
DC Input Current, any One Input......................05. +10mA Operating Temperature Range (Ta) 
Package Type D................c eee eens -55°C to +125°C 
Storage Temperature Range (Tsjg)....-..--.-- -65°C to +150°C 


Lead Temperature (During Soldering): 
At distance 1/16 + 1/32 in (1.59 + 0.79mm) 
From Case for 10S Max... ....... 0.0. cece eee eae +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


ecommendae perating Conditions =|, = Full-Package [Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges. 


LIMITS 
CPP1852/3 CDP1852C/3 


Static Electrical Specifications —V,,, = 0 or Vpp, Except as Noted 
SYMBOL 


Vss 


TEST CONDITIONS 


i 
Cc ie 
Ca Ae 
a 
a 


PARAMETER 


Quiescent Device Current (Note 1) 


Output Low Drive (Sink) Current m 


Vpp = BV, Vo = 0.4V 2.6 
Vpp = 10V, Vo = 0.5V 
Vop = BV, Vo = 4.6V 

5 5 

7 7 


Output High Drive (Source) Current 


m 


Vop = 10V Vo 9 5V -4 4 


Vpp = 10V, lot = OA 


Output Voltage Low Level 


Output Voltage High Level 


Input Low Voltage 


Vpp = BV, Vo = 0.2, 4.8V Po 
Vpp = 10V, Vo = 0.2, 9.8V a 
Vop = BV, Vo = 0.2, 4.8V 


Input High Voltage 3 


lon 
Vo 
Vou Vop = SV, lo. = OHA 
Vop nS 10V, lot = OuA 
Vit 
Vin 
Nie 


Input Leakage Low 


Vop = 5V, Vin = OV 
Vop = 10V Vin = OV 


a LL 


Vpop = 10V, Vin = 10V 


Vpp = 10V, Vo = 0.2, 9.8V 


pA 
pA 
A 
A 
mA 
A 
pA 
pA 
A 


pL 


Input Leakage High 


= 
= 
=a 
= 
= 
a 
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Static Electrical Specifications Vj, = 0 or Vpp, Except as Noted (Continued) 


-55°C, +25°C 


PARAMETER SYMBOL TEST CONDITIONS 


Three-State Output Leakage Low Vop = 5V, Vo = OV 


| ee 

a 

ae ce 

Three-State Output Leakage High lozH Vop = 5V, Vo = 5V foe ff a 
ed ec 

Ze ree ae 
eee ee ee 

NOTES: 


1. The CDP1852C/3 meets all 5V static electrical specifications of the CDP1852/3 except +125°C quiescent device current for which the 
limit is lop = 300A. 
2. Input and output capacitance are guaranteed but not tested. 


Static Burn-In Circuit 


TYPE NO. TEMPERATURE TIME 
CDP1852C/3 +125°C 160 Hrs. Min. 


CMOS 
PERIPHERALS 


PARAMETER SYMBOL | VOLTS MIN MIN 
Select Duration tsw | sl | 250 | 
a ee oe oe 
Clock Pulse Width hina ae ao 
a i 
== 
oe oe 
pe to 
1 5 


Data-In to Clock Fall Setup Time 
be 


ia | 
a 


a ae 
a ae 
ae a! 
ee Le 
a oe 
a 
Ls ae 
ae ae 
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Dynamic Electrical Specifications Mode = 0 Input Port, See Figure 3, Input t,, ts < 15ns; C_ = 50pF (Continued) 


.aeces 
PARAMETER SYMBOL VOLTS MIN MIN 

et 
rary 

ee ee 

ce ee 

es ee 

ce a 

es ee 


Propagation Delay Times: 
Clear to SR 


Clock to SR 


Deselect to SR 


ee | 170 | 
— Tt tet 
= bet —ae 
a 
| @ fF - | a 
= L =. 
La i || 


NOTE: 
1. Time required by a device to allow for the indicated function. 


(NOTE 1) ‘ 
CS1 ¢CS2 Sw 


CLOCK 
— on j= 
DATA IN 
>| tos 


__ tssr 
SR _» trsr l= — | tosr 
LEAR tcLr 


NOTE: 
1. CS1 eCS2 is the overlap of CS1 = 1 and CS2 = 1. 


MODE = 0 TRUTH TABLE 
CLOCK CS1 + CS2 (Note 1) DATA OUT EQUALS 


Data Latch 


1. CS1«CS2=CS1 = 1, CS2=1. 
FIGURE 3. MODE = 0 INPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 
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Dynamic Electrical Specification Mode = 1 Output Port, See Figure 4, Input tr, tf < 15ns; C, = 50pF 


LIMITS (NOTE 1) 
-55°C, +25°C +125°C 
(NOTE 1) 
PARAMETER SYMBOL youre MIN UNITS 


Clock Pulse Width 


ae ee 
oe eo 
eee ell = =-2 
oe ee 

he 
Le 
fe 


so 
oo 
an ae 
vane al 
Gi 


Propagation Delay Times: 
Clear to Data 


ae 
Write to Data Out twoo ; 

i 
Data In to Data Out | 5B 
Clear to SR | = | 
Clock to SR tcsr p58 [ = | 170 


NOTE: 
1. Time required by a device to allow for the indicated function. 


Oo 
= 
= — 

2m 
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(NOTE 2) 


ores —_ 
CS1 ° CS2 “nar 
<a toy 
rows consermenetenstie nats 
DATA IN — 
paraout —T=mo TMT 


—> 


NOTES: 
1. CS1 ¢ CS2 is the overlap of the CS1 = 0 and CS2 = 1. 
2. Write is the overlap of CS1 e CS2 and clock. 


MODE = 1 TRUTH TABLE 


OC 
a 2 
(= 
eons 


1. _e CS1 =0,CS2=1 
FIGURE 4. MODE = 1 OUTPUT PORT TIMING WAVEFORMS AND TRUTH TABLES 


FARRIS 


SEMICONDUCTOR 


aD 


March 1997 


Features 


¢ Provides Direct Control of Up to 7 Input and 7 Output 
Devices 


e CHIP ENABLE (CE) Allows Easy Expansion for Multi- 
level /O Systems 


Ordering Information 


PDIP -40°C to +85°C 
joopresscex| (e163 _ 
SBDIP -40°C to +85°C 
jeorresscox] (p16 


CDP1853, 
CDP1853C 


N-Bit 1 of 8 Decoder 


Description 


The CDP1853 and CDP 1853C are 1 of 8 decoders designed for 
use in general purpose microprocessor systems. These 
devices, which are functionally identical, are specifically 
designed for use as gated N-bit decoders and interface directly 
with the 1800-series microprocessors without additional compo- 
nents. The CDP1853 has a recommended operating voltage 
range of 4V to 10.5V, and the CDP1853C has a recommended 
operating voltage range of 4V to 6.5V. 


When CHIP ENABLE (CE) is high, the selected output will be 
true (high) from the trailing edge of CLOCK A (high-to-low tran- 
sition) to the trailing edge of CLOCK B (high-to-low transition). 
All outputs will be low when the device is not selected (CE = 0) 
and during conditions of CLOCK A and CLOCK B as shown in 
Figure 2. The CDP1853 inputs NO, N1, N2, CLOCK A, and 
CLOCK B are connected to an 1800-series microprocessor out- 
puts NO, N1, N2, TPA, and TPB respectively, when used to 
decode I/O commands as shown in Figure 5. The CHIP 
ENABLE (CE) input provides the capability for multiple levels of 
decoding as shown in Figure 6. 


The CDP1853 can also be used as a general 1 of 8 decoder for 
I/O and memory system applications as shown in Figure 4. 


The CDP1853 and CDP1853C are supplied in hermetic 16-lead 
dual-in-line ceramic (D suffix) and plastic (E suffix) packages. 


Pinout CDP1853 Functional Diagram TRUTH TABLE 

"TOP VIEW. i pce fT cv ee 
cK AIT > ee ee a oe 
nol Soure | 1 | o | tt ft 
WE opeots [7 | 7 fe f° 
sorts ors | ' | * | 1 | 1 


OUT 2] 6| 
OUT 3 
Vss L8! 


FIGURE 1. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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La Le CCIE OOoG 
2 RS ERE OOUUEE 
PT eee eiaele 
ey eee 
BERR ER AS OO OOCEEE 
BAER EVESOOUOUUEE 
Se CP ERER CLC OEREE 
RERRESER OC OUEEE 
ER ERESEROUCORERE 
ee Pee eee 


1 = High level, 0 = Low level, X = Don’t care 
+ Qn-1 = Enable remains in previous state. 
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File Number 
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CDP1853, CDP1853C 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) 854 (°C/W) 83g (°C/W) 
(All voltage values referenced to Vsg terminal) PDIP Package..............00005 85 N/A 
Pe 10. kb ese ere ne we hehe coast es awed -0.5V to +11V SBDIP Package.............0005. 85 22 
Car L ene Fates Sar east a he nade se Raed beet -0.5V to +7V Operating Temperature Range (Ta) 
Input Voltage Range, All Inputs ............. -0.5V to Vop +0.5V Ceramic Packages (D Suffix Types) .......... -55°C to +125°C 
DC Input Current, any One Input.....................0005. +10mA Plastic Packages (E Suffix Types)............. -40°C to +85°C 
Storage Temperature Range (Tstg).....------- -65°C to +150°C 
Lead Temperature (During Soldering).................. +265°C 


At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 
from case for 10s max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications At T, = -40 to +85°C, Unless Otherwise Specified 


CONDITIONS 


PARAMETER (V) (V) (V) 


Quiescent Device 
Current 


Guna towowerom [a [oa [oe | s | ve 
Current 

ce EE Eee 
Sat ah RES CE CO 


LIMITS 


CDP1853C 


au 
o 
vU 
ab 
fe] 
an 
w 


oO 
oO 


(2) 
aati an 


36 
~< 
om 


= uo —_ 


Oo 


i¢%) 
ye) 


BEE 
: < 
ie 8 | 


wo 
ne) 


(Source) Current 


Output Voltage Low Level 
(Note 2) 


Output Voltage High Level 
Input Low Voltage 


Input High Voltage 


+ 
_ 


_ oO 


—s 
fo) 
oO 
ao 
oO 


H- 


Input Leakage Current 


+ 
—_ 


Operating Current 100 


(Note 3) 


Input Capacitance 
Output Capacitance 


NOTES: 
1. Typical values are for T, = +25°C and nominal voltage. 
2. lot = lon = 1HA 
3. Operating current measured in a CDP1802 system at 2MHz with outputs floating. 


2) 
— 


— 
on 


~~ 
on 
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Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


CDP1853 CDP1853C 


Recommended Input Voltage Range 


PARAMETER 


V 


Dynamic Electrical Specifications At Ty = -40 to +85°C, Vpp = +5%, Vin = 0.7Vpp, Vit = 0.3Vpp, tr, te = 20ns, C, = 100pF, 
Unless Otherwise Specified 


LIMITS 
CDP1853 CDP1853C 


PARAMETER 


E 
3 
~< 
Uv 


Propagation Delay Time: 
CE to Output 


ne) 
—N 
on 


ee) 
ol 
oO 
we) 
N 
on 


N to Output 


nN 
j=) 


Clock A to Output 


w 
So 
oO 


Nh 
N 
uo 
—s 
N 
uo 


Clock B to Output 


CMOS 
PERIPHERALS 


oO 


Minimum Pulse Widths: 
Clock A 


N 
Oo 


NS 


mya 
oi aa) 
on on 
oto oO 


Oo 


on ol 


NOTES: 
1. Maximum limits of minimum characteristics are the values above which all devices function. 
2. Typical values are for T, = +25°C and nominal voltages. 
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CDP1853, 
Timing Diagrams 
teo —» <— —> <— eo 
CE 
OUTPUT 


FIGURE 2A. CE TO OUTPUT (0-7) DELAY TIME 


tcaca 


oe tao 


CLOCK A 


OUTPUT 


FIGURE 2C. CLOCK A TO OUTPUT (0-7) DELAY TIME 


CDP1853C 


tno —> ~<—tno 


N 


—<— — p> 


OUTPUT 


FIGURE 2B. N LINES TO OUTPUT (0-7) DELAY TIME 


tcBcB 


tBo 
CLOCK B 


OUTPUT 


FIGURE 2D. CLOCK B TO OUTPUT (0-7) DELAY TIME 


FIGURE 2. PROPAGATION DELAY TIME DIAGRAMS 


EN 
(NOTE 1) 
NOTE 1. OUTPUT ENABLED WHEN EN = HIGH 


INTERNAL SIGNAL SHOWN FOR 
REFERENCE ONLY (SEE FIGURE 1) 


FIGURE 3. TIMING DIAGRAM 


A NO 

B N1 

Cc N2 
CHIP ENABLE CE 
CLOCK B 
CLOCK A 


Vpp 


FIGURE 4. N-BIT DECODER USED AS A 1 OF 8 DECODER 
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CDP1800 SERIES 
NO Ni N2 TPB MRD 


T_[ elt 
CLOCKA CLOCKB CE NON1 N2 
ef 


CDP1853 
leer 
at 
csi 
CDP1 ~_ 
OUTPUT \ 


READ VIA 
6F INSTRUCTION 


CDP1852 
INPUT 
PORT 7 


MODE 


LOAD VIA 67 
INSTRUCTION 


DATA AVAILABLE 


0 1 
PORT 7 
LIsR 


MODE STROBE 


TPB 


READ VIA 
69 INSTRUCTION 


CDP1852 
OUTPUT te 


PORT 1 


LOAD VIA 61 
INSTRUCTION 


AVAILABLE 


CLOCK 
Racecar tnnamennnnn cane! Seer cece, poe erate 


7 OUTPUT PORTS 7 INPUT PORTS 
FIGURE 5. N-BIT DECODER IN A ONE-LEVEL I/O SYSTEM 


CDP1800 SERIES NOTE: SYSTEM SHOWN WILL SELECT 

NO, N1, N2 TPA TPB MRD BUS UP TO 56 INPUT AND 48 OUTPUT 
PORTS. WITH ADDITIONAL DECODING 
THE TOTAL NUMBER OF INPUT 
AND OUTPUT PORTS CAN BE 

DATA BUS FURTHER EXPANDED. 
| re eo 
CS2. epp1ss2 INTERCONNECTED 
oer AS IN FIGURE 4 
CLOCK A 


poe CLOCK B 


CDP1 -“ = 
DECODED 
“61” INSTRUCTION 


vO 


7 INPUT 
6 OUTPUT 


PORTS 


CE 
CDP 1853 
“62-6F” 
INST 


CLOCK A 
CLOCK B 
CE 
CDP1853 
“62-6F” 
INST 


vO 


7 INPUT 
6 OUTPUT 


PORTS 


vO 
7 INPUT 


NO, N1, N2 


CDP1853 
“62-6F” 
INST 


FIGURE 6. TWO-LEVEL I/O USING CDP1853 AND CDP1852 


4-39 


CMOS 
PERIPHERALS 


@ HARRIS CDP1853C/3 


March 1997 High-Reliability CMOS N-Bit 1 of 8 Decoder 


Features Description 


¢ Provides Direct Control of Up to 7 Input and 7 Output The CDP1853/3 and CDP1853C/3 are high-reliability 1 of 8 
Devices When used with a CDP1800-Series Micropro- decoders designed for use in general purpose microproces- 
cessor sor systems. These devices, which are functionally identical, 

; ; are specifically designed for use as gated N-bit decoders 

° i ee SNEWS Easy Expaneian tae su and interface directly with the 1800-Series microprocessors 
without additional components. The CDP1853/3 has a rec- 

ommended operating voltage range of 4V to 10.5V, and the 

CDP1853C/3 has a recommended operating voltage range 


Ordering Information of 4V to 6.5V. 


When CHIP ENABLE (CE) is high, the selected output will be 

true (high) from the trailing edge of CLOCK A (high-to-low 

acesoa| rawe.nwwos| sv | sv | 90° transition) to the trailing edge of CLOCK B (high-to-low 
Ps es ) transition). All outputs will be low when the device is not 

sep |-85°Cto +125°C|cDPtasscos | -  |D16.3. selected (CE = 0) and during conditions of CLOCK A and 
CLOCK B as shown in Figure 2. The CDP1853/3 inputs NO, 

N1, N2, CLOCK A, and CLOCK B are connected to 1800- 

series microprocessor outputs NO, N1, N2, TPA, and TPB 

respectively, when used to decode I/O commands as shown 


in Figure 5. The CHIP ENABLE (CE) input provides the capa- 
bility for multiple levels of decoding as shown in Figure 6. 


The CDP 1853/3 can also be used as a general purpose 1 of 
8 decoder for I/O and memory system applications as shown 
in Figure 4. 


Pinout 


16 LEAD SBDIP 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 71 3 2 
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CDP1853/3 Functional Diagram 


OUT 0 
OUT 1 
OUT 2 

1 OF 8 OUT 3 
DECODER OUT 4 
OUT 5 
OUT 6 
OUT 7 


A 
(TPA) 


FIGURE 1. 


TRUTH TABLE 


SL 
A A EL 


RIESE SEO 
eee ae Oooo 
See ee eee 


1. 1 = High level, 0 = Low level, X = Don't care. 


2. Qn-1 = Enable remains in previous state. 
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CDP1853/3, CDP1853C/3 


Static Electrical Specifications 


CONDITIONS LIMITS 
Vo VIN 
PARAMETER SYMBOL (V) (V) 


Vpp 


(Vv) UNITS 


Quiescent Device Iss 
Current (Note 1) 


Output Low Drive 
(Sink) Current 


— 
o 
a 
N 


> 


Output High Drive 
(Source) Current 


Output Voltage 
Low-Level 


So 
_ 
oO 
= 


Output Voltage 
High-Level 


Input Low Voltage 
Input High Voltage 
Input Leakage Low 


Input Leakage High 


NOTES: 


1. The CDP1853C meets all 5V static electrical characteristics of the CDP1853 except quiescent device current for which the limits are: 
Isg = -500pA at -55°C and +25°C and Isg = -1000pA at +125°C. 


2. Guaranteed but not tested. 


Dynamic Electrical Specifications See Figure 2, C, = 100pF, tp, tp = 15ns 


-55°C, +25°C 
Vpp 
PARAMETER SYMBOL (V) 


Propagation Delay Time: 


ae ie 


Chip Enable (CE) to Output High 
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Dynamic Electrical Specifications See Figure 2, C, = 100pF, tp, te = 15ns 


LIMITS 
-55°C, +25°C 
Vpp 
PARAMETER SYMBOL (V) 


Disable to Output Low p58 


in) 
oO 
oO 


N Input to Output 
Clock A to Output Low 


Clock B to Output Low 


Pulse Width: p85 | 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 
CDP1853/3 CDP1853C/3 
PARAMETER UNITS 


75 
50 
75 

0 


5 


= 
i 
= 
ar 
P= 
P= 


PERIPHERALS 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp) 
(All Voltages Referenced to Vss Terminal) 


OUP Ieee itd beuycteeecivendapewead pas esr -0.5V to +11V 
OP Uo ve eres cake dee Ohio eenie rs -0.5V to +7V 
Input Voltage Range, Allinputs ............. -0.5V to Vpp +0.5V 


DC Input Current, Any One Input.................005. +10mA 


Timing Diagrams 


OUTPUT 0 gs 


TNo 
FIGURE 2A. N-INPUTS TO OUTPUTS DELAY TIME 


MIN. CLOCK B , 
PULSE WIDTH | 
| 


' 
—| Tso Po 


FIGURE 2C. CLOCK B TO OUTPUT DELAY TIME 


Thermal Information 


Thermal Resistance (Typical) Qya (°C/W) 8yc (CCW) 
SOUP POCKAOG » sae «vn ewws eed eens 85 22 
Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 


(All PAGKSGG TYPOS) «oc ciccccccs co ceuvesvenerenaanes 100mW 
Operating Temperature Range (Ta) 

Package Type D............0 ccc cece eee -55°C to +125°C 
Storage Temperature Range (TsTq)...-..---+5- -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case tor 106 MAK. is nin esccecseeevesetosevar +265°C 


| | | 
— 


—>| Teo |<———|_ Teor 


FIGURE 2B. CE TO OUTPUT DELAY TIME 


MIN. CLOCK A 
_ 
PULSE WIDTH ,; 


OUTPUT 0-7 ' 


I 
' 
' 


(SEE NOTE 1) 
NOTE: 
1. To measure Tao, Clock B must be tied low. 


FIGURE 2D. CLOCK A TO OUTPUT DELAY TIME 


FIGURE 2. PROPAGATION DELAY TIME DIAGRAMS 


EN 
(NOTE 1) _ 
OUTPUT 
NOTE: 


1. Output enabled when EN = high. Internal signal shown for refer- 
ence only (see Figure 1). 


FIGURE 3. TIMING DIAGRAM 


CHIP ENABLE 


Vpp 


FIGURE 4. N-BIT DECODER USED AS A 1 OF 8 DECODER 
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CDP1802 CPU 
NO N1N2 TPB MRD 


CLOCK A CLOCK B CE NO Ni N2 
CDP1853 


0 1 2-6 


Csi cCS2 CS1 CS2 | 6F INSTRUCTION 
CDP1852 


LOAD VIA 
67 INSTRUCTION 


DATA 
AVAILABLE 
STROBE 


EAD VIA 
CS2 CST CS1 CS2 | 69 INSTRUCTION 
CDP1852 


LOAD V 
61 INSTRUCTION 


AVAILABLE 


CMOS 
PERIPHERALS 


™ CLOCK 
__ N cel” 
7 OUTPUT PORTS 7 INPUT PORTS 


FIGURE 5. N-BIT DECODER IN A ONE LEVEL I/O SYSTEM 
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CDP1800 SERIES 


NO N1N2 TPA TPB MRD BUS 


TPA | CLCS1 
CDP1653 cs CDP1852 


DECODED 
“61” INSTRUCTION | 


CLOCK A 
TTS pers 


CE 
CDP1853 


CDP1853 
“62 - 6F” 


SECTIONS 3-7 


. NO, N1, N2 
NOTE: 


1. System shown will select up to 56 input and 48 output ports. With additional decoding, the total number of input and output ports can be 
further expanded. 


“62 - 6F” 
INST. 


FIGURE 6. TWO LEVEL I/O USING CDP1853 AND CDP1852 


Bias/Static Burn-In Circuit 


TYPE TEMPERATURE | TIME 
CDP1853C +125°C 160 Hrs. 


Vpop ¢ 


Vss ¢ 


1 
awe? 
a 
Sit 


NOTE: 
1. All resistors are 47kQ +20%. 
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on CDP1855, 
SEMICONDUCTOR CDP1855C 


8-Bit Programmable 
March 1997 Multiply/Divide Unit 


Features Description 


e Cascadable Up to 4 Units for 32-Bit by 32-Bit Muitiply ©The CDP1855 and CDP1855C are CMOS 8-bit multi- 

or 64 = 32-Bit Divide ply/divide units which can be used to greatly increase the 

; : : az oe Toe capabilities of 8-bit microprocessors. They perform multiply 

Ahi foe ad GS SSE OWiee In eee at nd divide operations on unsigned, binary operators. In 

a general, microprocessors do not contain multiply or divide 

Direct Interface to CDP1800-Series Microprocessors instructions and even efficiently coded multiply or divide 

subroutines require considerable memory and execution 

time. These multiply/divide units directly interface to the 

Significantly Increases Throughput of Microprocessor ©DP1800-series microprocessors via the N-lines and can 

Used for Arithmetic Calculations easily be configured to fit in either the memory or I/O space 
of other 8-bit microprocessors. 


Easy Interface to Other 8-Bit Microprocessors 


Ordering Information 


ding identical units to handl erands up to 32 bits. 

PDIP | 40°C to +85°O| ODPT8Ss0E [ODPIE5E |Eza6 | Cound MConlical unils =e _——— 
ao CDP1855CEX F286 The CDP1855 and CDP1855C are functionally identical. 
]CDP1eSSCEX| == E286 They differ in that the CDP1855 has a recommended 
SBDIP -40°C to +85°C operating voltage range of 4V to 10.5V, and the CDP1855C, 

—e CDP1855CDX [= [D286 a recommended operating voltage range of 4V to 6.5V. 


The CDP1855 and CDP1855C types are supplied in a 28 
lead hermetic dual-in-line ceramic package (D suffix) and in 
a 28 lead dual-in-line plastic package (E suffix). The 
CDP1855C is also available in chip form (H suffix). 


The multiple/divide unit is based on a method of multiplying 
by add and shift right operations and dividing by subtract and 
shift left operations. The device is structured to permit cas- 


CMOS 
PERIPHERALS 


Pinout Circuit Configuration 


28 LEAD DIP 
TOP VIEW 


FIGURE 1. MDU ADDRESSED AS I/O DEVICE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 053.2 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp) 
(All voltage values referenced to Vss terminal) 


GO Wade a acids censeh aces tote anuease eames -0.5V to +11V 
CUP 1B dks <4 ahve ened pee Rae DAES KES E EERE -0.5V to +7V 
Input Voltage Range, Allinputs ............. -0.5V to Vpp +0.5V 
DC Input Current, Any One Input.....................00.. +10mA 


Thermal Information 


Thermal Resistance (Typical) Oya (CCIW) 8yc (CC/W) 


PDIP Package ............es0ee0- 55 N/A 

SBDIP Package.................. 50 12 
Device Dissipation Per Output Transistor 

For Ta = Full Package-Temperature Range 

(All Package TYPOS). <6 ascstavawsian wees sows sna 100mW 
Operating Temperature Range (Ta) ............. -40°C to +85°C 
Storage Temperature Range (TsTg)....--.----- -65°C to +150°C 
Lead Temperature (During Soldering) 

At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 

from case for 10S MAX......... 0c. cee ceneneseneas +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications At T, = -40 to +85°C, Vpp +10%, Unless Otherwise Specified 


Vo VIN Vpp 
(V) (V) (V) 


PARAMETER 
Quiescent Device 
Current 


Output Low Drive (Sink) 
Current 


fe} 
- 


Output High Drive OH | 46 | 05 — 
(Source) Current 

Output Voltage Low Level VoL Fo | 08 | 
us mer 
Output Voltage High Level | Vow Fo | 08 | 
(Note 2) 


Input Low Voltage VIL 0.5, 4.5 


ee 


Input High Voltage 
Input Leakage Current 


Three-State Output 
Leakage Current 


Operating Current 
(Note 3) 


ak =I on = = il 
oO io) oO oO (2) 


NOTES 
1. Typical values are for Ta = +25°C and nominal Vpp. 
2. lol =loH = 1pA 


3. Operating current is measured at 3.2MHz with open outputs. 


CONDITIONS LIMITS 


a. ) 
TYP 


ee ee 


Oo 
= 
oO 
=k 
oO 


-1.15 


) CDPIBSS 855 


CDP1855C 


(NOTE1) 


TYP UNITS 


ie) 
Nh 


. . 


“1.15 


pS 
© 


(o>) 


on 


oO 


— | Ni] — H = o 
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Recommended Operating Conditions At T, = Full package temperature range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


PARAMETER 


DC Operating Voltage Range 
Input Voltage Range 


Maximum Clock Input Frequency 


Minimum 8 x 8 Multiply (16 + 8 Divide) Time 
CE 


RA2 RA1 RAO 


OR OLOI® 


REGISTER 
NTROL eens SELECT STATUS 
SELECT CONTRO ea ene se E U 


mm fey g 
ee g ; 
CLOCK (4 ae ji (5) CI. ai 
© ADD/ z 
Hen | NAT cee °F 
MN | TTT Faery 
mA? 
| Y SEQUENCE | se. ¥ 
f_fPbsoel | [TE _F Yr. 
= | 
heen | [Themen ATs 
en — He TSH ° 
i l 
Lal 


4 ae 2 eee VIZLLLLLL 
on (eRREENETL | 


As 


a MOVVOMOOE 


STB CLEAR SHIFT RD/WE —(28)Vop 
FIGURE 2. BLOCK DIAGRAM OF CDP1855 AND CDP1855C 
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Functional Description 


The CDP 1855 is a multiply-divide unit (MDU) designed to be 
compatible with CDP1800 series microprocessor systems. It 
can, in fact, be interfaced to most 8-bit microprocessors (see 
Figure 5). The CDP1855 performs binary multiply or divide 
operations as directed by the microprocessor. It can do a 
16N-bit by 8N-bit divide yielding a 8N-bit result plus and 8N- 
bit remainder. The multiply is an 8N-bit by 8N-bit operation 
with a 16N-bit result. The “N” represent the number of 
cascaded CDP1855's and can be 1, 2, 3 or 4. All operations 
require 8N + 1 shift pulses (See “DELAY NEEDED WITH 
AND WITHOUT PRESCALER’). 


The CDP1855 contains three registers, X, Y, and Z, which 
are loaded with the operands prior to an operation and 
contain the results at the completion. In addition, the control 
register must be loaded to initiate a multiply or divide. There 
is also a status register which contains an overflow flag as 
shown in the “CONTROL REGISTER BIT ASSIGNMENT 
TABLE”. The register address lines (RAO-RA1) are used to 
select the appropriate register for loading or reading. The 
RD/WE and STB lines are used in conjunction with the RA 
lines to determine the exact MDU response (See 
“CONTROL TRUTH TABLE”). 


When multiple MDU's are cascaded, the loading of each reg- 
ister is done sequentially. For example, the first selection of 
register X for loading loads the most significant CDP1855, 
the second loads the next significant, and so on. Registers 
are also read out sequentially. This is accomplished by inter- 
nal counters on each MDU which are decremented by STB 
during each register selection. When the counter matches 
the chip number (CN1, CNO lines), the device is selected. 
These counters must be cleared with a clear on pin 2 or with 
bit 6 in the control word (See “CONTROL REGISTER BIT 
ASSIGNMENT TABLE”) in order to start each sequence of 
accesses with the most significant device. 


The CDP1855 has a built in clock prescaler which can be 
selected via bit 7 in the control register. The prescaler may 
be necessary in cascaded systems operating at high 
frequencies or in systems where a suitable clock frequency 
is not readily available. Without the prescaler select, the shift 
frequency is equal to the clock input frequency. With the 
prescaler selected, the rate depends on the number of 
MDU's as defined by bits 4 and 5 of the control word (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”). 


1. For one MDU, the clock frequency is divided by 2. 
2. For two MDU's the clock frequency is divided by 4. 
3. For 3 or 4 MDU's, the clock frequency is divided by 8. 


Operation 


1. Initialization and Controls 


The CDP1855 must be cleared by a low on pin 2 during 
power-on which prevents bus contention problems at the Y_, 
Yr and Z|, Zp terminals and also resets the sequence 
counters and the shift pulse generator. 


Prior to loading any other registers the control register must 
be loaded to specify the number of MDU's being used (See 
“CONTROL REGISTER BIT ASSIGNMENT TABLE”). 


Once the number of devices has been specified and the 
sequence counters cleared with a clear pulse or bit 6 of the 
control word, the X, Y, and Z registers can be loaded as 
defined in the “CONTROL TRUTH TABLE”. All bytes of the X 
register can be loaded, then all bytes of the Y, and then all 
bytes of the Z, or they can be loaded randomly. Successive 
loads to a given register will always proceed sequentially 
from the most significant byte to the least significant byte, as 
previously described. Resetting the sequence counters 
select the most significant MDU. In a four MDU system, load- 
ing all MDU's results in the sequence counter pointing to the 
first MDU again. In all other configurations (1, 2, or 3 
MDU's), the sequence counter must be reset prior to each 
series of register reads or writes. 


2. Divide Operation 


For the divide operation, the divisor is loaded in the X 
register. The dividend is loaded in the Y and Z registers with 
the more significant half in the Y register and the less signifi- 
cant half in the Z register. These registers may be loaded in 
any order, and after loading is completed, a control word is 
loaded to specify a divide operation and the number of 
MDU's and also to reset the sequence counters and Y or Z 
register and select the clock option if desired. Clearing the 
sequence counters with bit 6 will set the MDU's up for read- 
ing the results. 


The X register will be unaltered by the operation. The 
quotient will be in the Z register while the remainder will be in 
the Y register. An overflow will be indicated by the C.O./O.F. 
of the most significant MDU and can also be determined by 
reading the status byte. 


While the CDP1855 is specified to perform 16 by 8-bit 
divides, if the quotient of a divide operation exceeds the size 
of the Z register(s) (8N-bits - where N is the number of 
cascaded CDP1855's) the overflow bit in the Status Register 
will be set. Neither the quotient in Z nor the remainder in Y 
will represent a valid answer. This will always be the result of 
a division performed when the divisor (X) is equal to or less 
than the most significant 8N-bits of the dividend (Y). 


The MDU can still be used for such computations if the 
divide is done in two steps. The dividend is split into two 
parts-the more significant 8N-bits and the less significant 
8N-bits-and a divide done on each part. Each step yields an 
8N-bit result for a total quotient of 16N-bits. 


The first step consists of dividing the more significant 8N- 
bits by the divisor. This is done by clearing the Y register(s), 
loading the Z register(s) with the more significant 8N-bits of 
the dividend, and loading the X register(s) with the divisor. A 
division is performed and the resultant value in Z represents 
the more significant 8N-bits of the final quotient. The Z regis- 
ter(s) value must be unloaded and saved by the processor. 
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A second division is performed using the remainder from the 
first division (in Y) as the more significant 8N-bits of the divi- 
dend and the less significant half of the original dividend 
loaded into the Z register. The divisor in X remains unaltered 
and is, by definition, larger than the remainder from the first 
division which is in Y. The resulting value in Z becomes the 
less significant 8N-bits of the final quotient and the value in Y 
is, as usual, the remainder. 


Extending this technique to more steps allows division of any 
size number by an 8N-bit divisor. 


Note that division by zero is never permitted and must be 
tested for and handled in software. 


The following example illustrates the use of this algorithm. 


Example: 


Assume three MDU's capable of a by 24-bit division. The 
problem is to divide 00F273, 491CO6H by 0003B4H. 


Step 1: 000000 , 00F273 / 0003B4 = 000041 R=0001BF 
Y Z(MS) Xx Z1 Y1 
Step 2: 0001BF , 491C06 / 0003B4 = 78C936 R=0Q0000E 
Y1 Z(LS) Xx Z2 Y2 
Result: 000041 , 78C936 R=00000E 
21 Z2 Y2 


The Z register can simply be reset using bit 2 of the control 
word and another divide can be done in order to further 
divide the remainder. 


3. Multiply Operation 


For a multiply operation the two numbers to be multiplied are 
loaded in the X and Z registers. The result is in the Y and Z 
register with Y being the more significant half and Z the less 
significant half. The X register will be unchanged after the 
operation is completed. 


The original contents of the Y register are added to the 
product of X and Z. Bit 3 of the control word will reset 
register Y to 0 if desired. 


Functional Description of 
CDP1855 Terminals 


CE - Chip Enable (Input): 


A high on this pin enables the CDP1855 MDU to respond to 
the select lines. All cascaded MDU's must be enabled 
together. CE also controls the three-state C.O./O.F., output 
of the most significant MDU. 


Clear (Input): 


The CDP1855 MDU(s) must be cleared upon power-on with 
a low-on this pin. The clear signal resets the sequence 
counters, the shift pulse generator, and bits 0 and 1 of the 
control register. 


CTL - Control (Input): 


This is an input pin. All CTL pins must be wired together and 
to the Y, of the most significant CDP1855 MDU and to the 


Zr of the least significant CDP1855 MDU. This signal is 
used to indicate whether the registers are to be operated on 
or only shifted. 


C.0/0.F. - Carry Out/Over Flow (Output): 


This is a three-state output pin. It is the CDP1855 Carry Out 
signal and is connected to Cl (CARRY-IN) of the next more 
significant CDP1855 MDU, except for on the most significant 
MDU. On that MDU it is an overflow indicator and is enabled 
when chip enables is true. A low on this pin indicates that an 
overflow has occurred. The overflow signal is latched each 
time the control register is loaded, but is only meaningful 
after a divide command. 


YL, Yr - Y-Left, Y-Right: 


These are three-state bi-directional pins for data transfer 
between the Y registers of cascaded CDP1855 MDU's. The 
Yr pin is an output and Y, is an input during a multiply and 
the reverse is true at all other times. The Y, pin must be 
connected to the Yr pin of the next more significant MDU. 
An exception is that the Y, pin of the most significant 
CDP1855 MDU must be connected to the Zr pin of the least 
significant MDU and to the CTL pins of all MDU's. Also the 
YR pin of the least significant MDU is tied to the Z; pin of the 
most significant MDU. 


Z,, Zp - Z-Left, Z-Right: 


These are three-state bi-directional pins for data transfers 
between the “Z” registers of cascaded MDU's. The Zr pin is 
an output and Z, is an input during a multiply and the 
reverse is true at all other times. The Z; pin must be tied to 
the Yr pin of the next more significant MDU. An exception is 
that the Z; in of the most significant MDU must be con- 
nected to the Yr pin of the least significant MDU. Also, the 
Zr pin of the least significant MDU is tied to the Y,_ of the 
most significant MDU. 


Shift - Shift Clock: 


This is a three-state bi-directional pin. It is an output on the 
most significant MDU. And an input on all other MDU's. It 
provides the MDU system timing pulses. All SHIFT pins must 
be connected together for cascaded operation. A maximum 
of the 8N +1 shifts are required for an operation where "N" 
equals the number of MDU devices that are cascaded. 


CLK - Clock (Input): 


This pin should be grounded on all but the most significant 
MDU. There is an optional reduction of clock frequency avail- 
able on this pin if so desired, controlled by bit 7 of the control 


byte. 
STB - Strobe (Input): 


When RD/WE is low, data is latched from bus lines on the 
falling edge of this signal. It may be asynchronous to the 
clock. Strobe also increments the selected register's 
sequence counter during reads and writes. TPB would be 
used in CDP1800 systems. 
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RD/WE - Read/Write Enable (Input): 


This signal defines whether the selected register is to be 
read from or written to. In 1800 systems use MRD if MDU's 
are addressed as I/O devices, MWR is used if MDU's are 
addressed as memory devices. 


RA2, RA1, RAO - Register Address (input): 


These input signals define which register is to be read from 
or written to. It can be seen in the “CONTROL TRUTH 
TABLE” that RA2 can be used as a chip enable. It is identical 
to the CE pin, except only CE controls the three-state 
C.0./0.F. on the most significant MDU. In 1800 systems use 
N lines if MDU's are used as I/O devices, use address lines 
or function of address lines if MDU's are used as memory 
devices. 


Bus 0 - Bus 7 - Bus Lines: 


Three-state bi-directional bus for direct interface with 
CDP1800 series and other 8-bit microprocessors. 


Zr - Z-Right: 
See Pin 6. 


Yp - Y-Right: 
See Pin 5. 
Cl- Carry In (Input): 


This is an input for the carry from the next less significant 
MDU. On the least significant MDU it must be high (Vpp) on 
all others it must be connected to the CO pin of the next less 
significant MDU. 


CN1, CNO - Chip Number (Input): 


These two input pins are wired high or low to indicate the 
MDU position in the cascaded chain. Both are high for the 
most significant MDU regardless of how many CDP1855 
MDU's are used. Then CN1 = high and CNO = low for the 
next MDU and so forth. 


Vss - Ground: 
Power supply line. 
Vpp - V+: 


Power supply line. 


CONTROL TRUTH TABLE 


RAO RD/WE STB 
(NO) (MRD) (TPB) 


Se Ee ee 
a a Ee a 
a 


a! 
a a 
0) re 


No Action (Bus Floats) 


X to Bus 


Increment Sequence 
Counter When STB 
and RD = 1 


Z to Bus 


Y to Bus 


Status to Bus 


Load X from Bus 


Increment Sequence 
Counter 


Load Z from Bus 


Load Y from Bus 


1. () = 1800 System Signals. 1 = High Level, 0 = Low Level, X = High or Low Level. 
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CONTROL REGISTER BIT ASSIGNMENT TABLE 


| Bue? | Buse | Buse | ayes | bees | Suse | Bust | Bee | 


ee oe 
peaisten [2 [0 [Re Oreaten 
ST ee 
a 

a 


B2 = 1, RESET Z REGISTER 
B3 = 1, RESET Y REGISTER 


C=] 8 [N0-oFWouTe 
a a CL 


ee Le 
ee 
i Gc 


a 

B6 = 1, RESET SEQUENCE COUNTER 

B7 = 1, SELECT SHIFT RATE OPTIONS: + 
B7 = 0, SHIFT = CLOCK FREQUENCY RATE es 


STATUS REGISTER 


OUTPUT 


NOTES: 
1. O.F. = 1 if overflow (only valid after a divide has been done) 
2. Bits 1 - 7 are read as 0 always. 


SecA S EAE ER ERER 
BERBERS RARARSEAES 


DELAY NEEDED WITH AND WITHOUT PRESCALER 


8N + 1 Shifts/Operation at 1 Clock Cycle/Shift 
N = Number of MDU’s, S = Shift Rate 


WITHOUT PRESCALER WITH PRESCALER 
(NOTE 1) (NOTE 1) 
SHIFTS = 8N+1 | MACHINECYCLES | SHIFTS=S(8N+1) | MACHINE CYCLES 
NO. OF MDU’s NEEDED NEEDED NEEDED NEEDED SHIFT RATE 


33 (11 NOPs) 


es se ss 
es = 
OO 
= ss 


4 (2 NOPs) 
NOTE: 


1. NOP instruction is shown for machine cycles needed (3/NOP). Other instructions may be used. 
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CDP1855 Interfacing Schemes 


Vcc 
14) {28 [27 [26 | 25 
= 1Vss Vpp CNO CN1 Ci - 
Yr “a 
2L 
CTL 
CDP1855 YL 


MDU Fo 


BUS 7 
BUS 6 
BUS 5 
BUS 4 
CLEAR BUS 3 
CLK BUS 2 
RD/WE BUS 1 


STB BUS 0 
RA2 RA1 RAO CE 


3 
| 5 

| 23. | 

22 

a DATA BUS 


DATA 
BUS 


18 A 


8085 SIGNAL 


aa — se 
1/4 CD4011 q . RD 
CLK (OUT) 


1/4 CD4011 @ nese OUT 


FIGURE 3. REQUIRED CONNECTION FOR MEMORY MAPPED FIGURE 4. INTERFACING THE CDP1855 TO AN 8085 MICRO- 
ADDRESSING OF THE MDU PROCESSOR AS AN I/O DEVICE 


Programming Example for Multiplication 


For a 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply 201F7C1., by 
72300946: 


LDI 030H 
PLO R2 . ._ LOAD 30 INTO R2.0 
LDI OOH 
PHI R2 . . LOAD 00 INTO R2.1 (R2=0030) 
OUT 7; DC 058H .. LOAD CONTROL REGISTERS 
.. SPECIFYING THREE MDU’s 
. RESET THE Y REGISTER AND 
.. SEQUENCE COUNTER 
DC 020H .. LOAD MSB OF X REGISTER 
.. WITH 20 
DC 01FH . . LOAD NEXT MSB OF X REG 
.. WITH 1F 
DC 07CH .. LOAD LSB OF X REGISTER 
.. WITH 7C 
DC 072H . .LOAD MSB OF Z REGISTER 
.. WITH 72 
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Programming Example for Multiplication 


For a 24-bit x 24-bit multiply using the system shown in Figure 5, the following is an assembly listing of a program to multiply 201F7C 46 by 
723C091¢: (Continued) 


| toenon | cobe | no] assensuvianounce 
LOCATION CODE NO. ASSEMBLY LANGUAGE 
OUT 5; DC 030H .. LOAD NEXT MSB OF Z REG 
.. WITH 3C 
OUT 5; DC O9H .. LOAD LSB OF Z REGISTER 
.. WITH 09 
OUT 7; DC 059H .. LOAD CONTROL REGISTERS 
.. RESETTING Y REGISTERS 
.. AND SEQUENCE COUNTERS 
.. AND STARTING MULTIPLY 
.. OPERATION 


0026 

0027 .. MSB OF RESULTS IS STORED 

0028 . . AT LOCATION 0030 

0029 

0030 

0031 

0032 

0033 .. COMPLETE LOADING RESULT 

0034 .. INTO MEMORY LOCATIONS 

0035 . .0030 TO 0035 

0036 . . RESULTS = 0E558DBA2B5C 
0037 STOP BR STOP 

0038 END 


CMOS 
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The result of 201F7C1¢ x 723C091¢ is OE558DBA2B5C = BEFORE MULTIPLY 
15760612797276}o. It will be stored in memory as follows: 

REGISTER X 
REGISTER Y 
REGISTER Z 


AFTER MULTIPLY 


REGISTER X 
REGISTER Y 
REGISTER Z 
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Programming Example for Division 


MEMORY OP LINE 
LOCATION CODE NO. ASSEMBLY LANGUAGE 


. Program example for a 16-bit by 8-bit divide using 1 CDP1855 MDU 


68022000; 


. 
’ 


68033000; 


68044000; 


’ 
’ 


E067F0; 


E06600; 
E365; 

E067F2; 
E26D60; 


E067F0; 


E067F2; 


E26D60; 
6E: 


’ 


. Gives a 16-bit answer with 8-bit remainder 


RLDI R2, 2000H 


RLDI R3, 3000H 


RLDI R4, 4000H 


SEX R4; OUT 7; DC OFOH 


SEX R4; OUT 4 


SEX RO; OUT 6; DC 0 


SEX R3; OUT 5 


SEX RO; OUT 7; DC OF2H 


SEX R2; INP 5; IRX 


SEX RO; OUT 7; DC OFOH 


SEX R3; OUT 5 


SEX RO; OUT 7; DC OF2H 


SEX R2; INP 5; IRX 
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. . Answer is stored at 2000 hex 
. Register 2 points to it 

. . Dividend is stored at 3000 hex 
. Register 3 points to it 
. Divisor is stored at 4000 hex 


. Register 4 points to it 


. . Write to the control register to use 
. Clock/2; 1MDU; reset sequence 


. counter; and no operation 


. Load the divisor into the X register 


. Load 0 into the Y register 
. Load the most significant 8 bits of 


. . the dividend into the Z register 


. Do the first divide, also resets the 


. . Sequence counter 


. Read and store the most significant 


. 8 bits of the answer at 2000 hex 


. . Reset the sequence counter 


. Load the 8 least significant 8 bits 
. . Of the original dividend into the Z 


. register 


. Do the second division 


. Read and store the least significant 
. 8 bits of the answer at 2001 hex 
. Read and store the remainder at 2002 


. hex 


CDP1855, CDP1855C 


For the divide operation (Figure 5), the formula is: 


YaYnYVylalnZ Yatat 
EFI 
LLLLLLLLLLL LY (LAL LLL Lf, CLLLLLLALLLLL, Bs 
clone s-ctecheteeeceeeananeal 
g 7 L web 
, ——_—_—$ 
g Y Pa ET A 
LZ a 
0 
CLOCK 1 
CDP1 = 1 
ij 
Vpp 
OR 
VO SELECT 
MOST SIGNIFICANT LEAST SIGNIFICANT 
FIGURE 5. CASCADING THREE MDU’s (CDP1855) IN AN 1800 SYSTEM WITH MDU’s BEING ACCESSED AS I/O PORTS IN 
PROGRAMMING EXAMPLE 
CLOCK 
EF1 
CLL LLLLLY LLLLLLLLLL LLL) LLL LL LL BUS 
se | ae 
ms 4m im ail 
YT yA CLEAR 
cae Ma SS (7 Na 
OS NS Se A A + 
a oe 7 se ee ee 7 No 


i i Vop 
|__| ]o¢ copes ("1° coptass °° 
| ia 6 = : 


MOST SIGNIFICANT LEAST SIGNIFICANT 


FIGURE 6. CASCADING FOUR MDU’s (CDP1855) 
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Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp +5%, tr, te = 20ns, Vip = 0.7Vpp, Vit = 0.3Vpp, 
C. = 100pF (See Figure 7) 


LIMITS 


CDP1855 CDP1855C 


(NOTE 1) (NOTE 2) (NOTE 2) 
PARAMETER TYP TYP 


OPERATION TIMING 


wo 
ie) 


F 
ake 
N 


Maximum Clock Frequency 
(Note 3) 


MHz 


Maximum Shift Frequency MHz 


(1 Device) (Note 4) 


ath 
oO 


MHz 


Minimum Clock Width 100 150 100 150 


oO 


7 


on 


Minimum Clock Period 250 312 250 312 
125 


300 


Clock to Shift Propagation De- 
lay 


tCSH 
100 150 


oo 
QO 
A 
_— 
oO 


adi wails _ oni 
| fo) 
on N 


Minimum C.|. to Shift Setup tsu 


w 
w 


(o>) 
N 


uo 


C.O. from Shift Propagation 450 


Delay 


tPLH 
tPHL 


—_ 


225 300 


Minimum C.|. from Shift Hold 


2 is 


—s 


Minimum Register Input 0 


Setup 


= 
oO 


> 


0 


Oo 


Register after Shift Delay tPLH 


tPHL 


oO 


300 


on 
io) 


i 
oO 
ots 
oO 


e 
oO 


Minimum Register after Shift 100 100 


Hold 
25 
C.O. from C.|. Propagation 100 150 
Delay 
75 


Register from C.I. 


Propagation Delay tPHL 


oO 


onal we re 
#| 33 B = 
zl of cs c 


NOTES: 
1. Maximum limits of minimum characteristics are the values above which all devices function. 
2. Typical values are for Ta = 25°C and nominal voltages. 


3. Clock frequency and pulse width are given for systems using the internal clock option of the CDP1855. Clock frequency equals shift 
frequency for systems not using the internal clock option. 


4. Shift period for cascading of devices is increased by an amount equal to the C.I. to C.O. Propagation Delay for each device added. 
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Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp +5%, tr, te = 20ns, Vip = 0.7Vpp, Vit = 0.3Vpp, 
C, = 100pF (See Figure 8) 


LIMITS 


CDP1855C 


(NOTE 2) 
TYP 


CDP1855 


(NOTE 2) 
TYP 


(NOTE 1) 
PARAMETER 


WRITE CYCLE 


Minimum Clear Pulse Width tG~IR 
ee 

Minimum Data-In-Setup 
a ia 

Minimum Data-in-Hold 5 
es 
2 

Setup 

Write Hold 


NOTES: 
1. Maximum limits of minimum characteristics are the values above which all devices function. 
2. Typical values are for Ta = 25°C and nominal voltages. 
Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp +5%, tp, te = 20ns, Viy = 0.7Vpp, Vit = 0.3Vpp, 
C,_ = 100pF (See Figure 9) 


Vpp 


= 
c 
= 
=] 
” 


NI 


5 


6) 
oO 


Ni 
ao 


nN 

on 
af 

fo) 


225 150 225 


| 
on 
= 
ol 


Comal 
oO 
122) 
= 

NI 

oa 

SN 

on 


~~ 
ol 


Ni 
uo 
on 


2) 
Oo 


pi nN 
oO; o 


oO 
Oo 


N 
ol 
MN 
on 


10 


LIMITS 
CDP1855C 
(NOTE 2) 


CDP1855 


(NOTE 2) 
TYP 


(NOTE 1) Vpp 
PARAMETER (V) 


READ CYCLE 


CE to Data Out Active tcpo 

1 
CE to Data Access hal 
Address to Data Access ha 
Data Out Hold after CE 
Data Out Hold after Read 


io) 


o1 
fo) 

pi -| @ 

oy © 

oO}; Of] O 

Ww 

Oo 

Oo 


So 
oO 
oa 


{e) 
oO 


—~f —f Ww 
orate © 
Oo; Of}; © 
—7 MO 
—i] MO 
ato 
= w 
uo [o) 
oO oO oO 
> os 
oO o1 


or 


sil 
oO 
w 
oO 
(2) 


Nh 


_ 
on 


25 


nm nN 
NO 
uo on io) oO 


W 
(2) 
oO 


—_—, 
oO 
=| 
ani © 
o| Oo 


5 
0 
Ica 
tAA 
10 
Read to Data Out Active 
10 
Read to Data Access tRA 
10 


~I NI 
Oo AlrolYs 

a_k 

at, 

oO 


axis 
oO 
oO 
— 
on 
oO 


fa 
(2) 
oO 
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Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp +5%, tr, te = 20ns, Vip = 0.7Vpp, Vit = 0.3Vpp. 
C, = 100pF (See Figure 9) (Continued) 


LIMITS 


(NOTE 1) Vpp 
PARAMETER (V) 


Strobe to Data Access “i 
Minimum Strobe Width oo bee 


NOTES: 
1. Maximum limits of minimum characteristics are the values above which all devices function. 


2. Typical values are for Ta = 25°C and nominal voltages. 


Timing Diagrams 
| tcLOCK | 
te 1 2 9 
Rose tCLK 0 
SHIFT 1 2 | 9 
(PRESCALER OFF) 
tCsH 


tpLH ‘PHL 


C.o., YL. Yr, ZL, ZR OUT 


Cin, YL, Yr, ZL, ZR IN ( x x 


FIGURE 7. OPERATION TIMING DIAGRAM 


— 
” LX 
* WRITE IS OVERLAP OF CE = 1, RD/WE = 0, AND STB = 1. 
o» ZRULLLRLLLLLELLELEELEEEEEEEEEL 


(DSU —w» <e-— 
toH 
a i 
taSU—e = = 


FIGURE 8. WRITE TIMING DIAGRAM 


4-60 


CDP1855, CDP1855C 


Timing Diagrams (continued) 


CE 


RD/WE ADVANCE 
SEQUENCE COUNTER 


STB 


woz —X| _ | Xd 


Dout 
tcD0 —» <— tRDO_» 
tca 
= ———_—_ p> 


FIGURE 9. READ TIMING DIAGRAM 
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March 1997 4-Bit Bus Buffer/Separator 


Features Description 


e Provides Easy Connection of i/O to CDP1800-Series The CDP1857C is a 4-bit CMOS non-inverting bus separator 
Microprocessor Data Bus designed for use in CDP1800-series microprocessor systems. It can 
be controlled directly by a 1800-series microprocessor without the 

¢ Non-inverting Fully Buffered Data Transfer use of additional components. 


. . The CDP1857 is designed for use as a bus buffer or separator 
Order Ing Information between the 1800-series microprocessor data bus and |/O devices. 


It provides a chip-select (CS) input signal which, when high (1), 
PART enables the bus-separator three-state output drivers. The direction 
NUMBER | TEMP. RANGE P gray 
of data flow, when enabled, is controlled by the MRD input signal. 
ce) fe) esse 
CDP1857CE “40°C to +85°C PDIP E16.3 In the CDP1857, when MRD = 1, it enables the three-state bus drivers 
CDP1857CD -40°C to +85°C | SBDIP D16.3 (DBO-DB3) and transfers data from the DATA-IN lines onto the data 


bus. When MRD = 0, it disables the three-state bus drivers (DBO- 
TABLE 1. CDP1857 FUNCTION FOR I/O BUS SEPARATOR DB3) and enables the three-state data output drivers (DOO-DOS3), 
OPERATION thus, transferring data from the data bus to the DATA-OUT terminals. 


DATA BUS OUT DATA OUT The CDP1857 can be used as a bidirectional bus buffer by connecting 
the corresponding DI and DO terminals (Figure 1). The MRD output 
cS DBO-DB3 DOO0-DO3 ; 

signal from the 1800-series microprocessor has the correct polarity to 

po; xX High Impedance High Impedance control the CDP1857 when it is used as I/O bus buffer/separator. 
Therefore, the 1800-series microprocessor MRD signal can be 

Pt] oo | High Impedance connected directly to the MRD input of CDP1857. See Function Table 

1 for use of the CDP1857 as an I/O bus buffer/separator. 
pt ft | atain | high impedance The CDP1857C is supplied in 16-lead hermetic, dual-in-line ceramic 


packages (D suffix), and in 16-lead plastic packages (E suffix). 


Pinout Functional Diagram For CDP1857 


16 LEAD DIP 


TOP VIEW nat S. a 
worl Hig i 


2 
Dii ec > ° 
4 
DO1 © <q 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 1 92 2 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) Oya (CCIW) 8yc (PCW) 
(All Voltages Referenced to Vss Terminal)........ -0.5V to +7V PDIP Package...............000. 85 N/A 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V SBDIP Package...............00. 85 22 
DC Input Current, Any One Input Sse Tec fer ight G1 ool Satan ayes Grea etree +10mA Device Dissipation Per Output Transistor 
Ta = Full Package Temperature Range 
(All Package Types)............ 0. cece eee eee eee 100mW 
Operating Temperature Range (Ta) 
Package Type D............. 0.00 ecu ee eee -55°C to +125°C 
Package Type EB... <cien sien nvadereuwawewe -40°C to +85°C 
Storage Temperature Range (TsTq)..........-. -65°C to +150°C 
Lead Temperature (During Soldering).................. +265°C 


At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10s max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications At T, = -40°C to +85°C, Except as Noted: 


CONDITIONS 
Vo VIN Vpp (NOTE 1) 
PARAMETER SYMBOL (V) (V) (V) TYP UNITS 


[aaoscentDovee Ouro | oo | -—J as | s | -]| » | ™ | ma 
ce 
25.45 


Input Low Voltage VIL 


Input High Voltage 


1. Typical values are for Ta =+25°C and nominal voltage. 


2. Operating current measured in a CDP1802 system at 3.2MHz with outputs floating. 
3. loc =|oH = 1A. 


Dynamic Electrical Specifications At T, = -40°C to +85°C, Vpp = 5V +5%, Vj} = 0.7 Vpp, Vit = 0.3 Vpp. tr, te = 20ns, Cy = 100pF 


Propagation Delay Time: 
MRD or CS to DO 


MRD or CS to DB 
DI to DB 


DB to DO 


NOTE: 
1. Typical values are for Ta = 25°C and nominal voltages. 
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Recommended Operating Conditions At Ta = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


Timing Diagrams 


cS cS 
MRD MRD 
DI DI 
tep Re tes |= 
DB 90% 
10% 
FIGURE 1A. ENABLE TO DB TIME FIGURE 1B. ENABLE TO DO TIME 


VALID DATA VALID DATA 


FIGURE 1C. DI TO DB TIME FIGURE 1D. DB TO DO TIME 


FIGURE 1. TIMING DIAGRAMS FOR CDP1857C 
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Typical Applications 


CDP1857C 


CDP1857 


DO0-DO3 


DBO0-DB3 


DI0-DI3 


DIRECTION ENABLE BUS-TO-BUS 
CONTROL DATA TRANSFER 


FIGURE 2. CDP1857 BIDIRECTIONAL BUS BUFFER OPERATION 


MRD 
CDP1800 
SERIES 


DATA BUS (8) 


MRD 
CDP1857 
DI0-DI3 


FIGURE 3. CDP1857 BUS SEPARATOR OPERATION 
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on - CDP1871A, 
SEMICONDUCTOR CDP1871AC 


REFERENCE APP NOTE 7374 
August 1996 CMOS Keyboard Encoder 


Features Description 


Directly Interfaces with CDP1800-Series Microprocessor The CDP1871A is a keyboard encoder designed to 
directly interface between a CDP1800-series micro- 
processor and a mechanical keyboard array, providing 
Three-State Outputs up to 53 ASCII coded keys and 32 HEX coded keys, 
Scans and Generates Code for 53 Key ASCII Keyboard Plus 2S Shown in the system diagram (Figure 1). 
32 HEX Keys (SPST Mechanical Contact Switches) The keyboard may consist of simple single-pole 
Shift, Control, and Alpha Lock Input single-throw (SPST) mechanical switches. Inputs are 
provided for alpha-lock, control, and shift functions, 
allowing 160 unique codes. An external R-C input is 
Single Supply 4V to 10.5V (CDP1871A) available for user-selectable debounce times. The N- 
4V to 6.5V (CDP1871AC) key lock-out feature prevents unwanted key codes if 
two or more keys are pressed simultaneously. 


The CDP1871A and CDP1871AC are functionally 
identical. They differ in that the CDP1871A has a 


Ordering Information recommended operating voltage range of 4V to 10.5V, 
and the CDP1871AC has a recommended operating 


TEMP. RANGE 10V 40 lead dual-in-line ceramic packages (D suffix), and 
Por | a0" 580 [SOPTATIAGE [ODPTATIAE [E408] 40 oad duabinino plas packages (E sufi), and 4 
PLCC “40°C to +85°C |CDP1871ACQ es oe lead plastic chip-carrier packages (Q suffix). 


SBDIP -40°C to +85°C |CDP1871ACD |CDP1871AD 
Burn-in CDP1871ACDX | D40.6 


Low Power Dissipation 


RC-Controlled Debounce Circuitry 


N-Key Lockout 


Pinouts 
44 LEAD PLCC 


40 LEAD PDIP, CERDIP (Q Suffix) TOP VIEW 
TOP VIEW 


Vpp 

9) SHIFT 

Bi CONTROL 
ALPHA 


File Number 1374.2 
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Vop 
f] 100K 0.1yF 


/ 
/ 
/ 
/ 
UP TO 11 SETS 
OF 8 SWITCHES EACH 
/ 


CDP1871A 


BUSO-BUS7 


8 BIT DATA BUS 
FIGURE 1. TYPICAL CDP1800 SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 
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CSi 27) ys SCAN CLOCK] THREE-STAGE FIVE-STAGE 
cs2 SCAN COUNTER a SCAN COUNTER 


css G2 _—— BUS ENABLE 
CONTROL 
TPB Gn mee LOGIC S— 
1 THREE-STATE 
KEY - 
=} eee: 


Q8)BUS 0 
i 


Yoo FE BUFFERS 
Rx  DEBOUNCE p— G2)BUS 7 
89) 
Cx Rw 
Yoo @9) 
= 1 ve @ 
> 


DA G3 
STATUS 
LATCHES 
RPT (5) 


ll 
DECODER/ Rpp Rep 


DRIVERS 
FROM TO = = 
KEY BOARD KEY BOARD 
D - Senge” OD ove O O o 
LINES Di vines. Dil ALPHA SHIFT CONTROL 


FIGURE 2. CDP1871A BLOCK DIAGRAM 
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Absolute Maximum Ratings Thermal Information 
(All Voltages Referenced to Vss Terminal) Thermal Resistance (Typical) Oya (CCIW) Bjo (CCW) 
UEP Is 1 As< niece densesne bere ereeab tone we -0.5V to +11V POP FaCrn0 ocn5ocseurceseeoews 60 N/A 
Gr tet ks 4d 5h.08 semis ee re dets seasaenes ns -0.5V to +7V PLOG PAG cis asicawaennawans 50 N/A 
Input Voltage Range, AllInputs ............. -0.5V to Vpp +0.5V SBDIP PACKEOG <i cncvcveunexcess 60 18 
DC Input Current, any One Input.....................00.. +10mA ___ Device Dissipation Per Output Transistor 
T, = Full Package Temperature Range 
(All POCHAGS TYPGS) <oisectewacs na niveureserenev an 100mW 
Operating Temperature Range (T,) 
Packags WOO Dice cucscceonsnsevaseevinns -55°C to +125°C 
Package Type E andQ .........0.cceeecewee -40°C to +85°C 
Storage Temperature Range (Tstg).....-.----- -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... ccccsesvewavrnsovwsecas +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions At T, = -40 to +85°C. For maximum reliability, operating conditions should be selected 
so that operation is always within the following ranges: 


LIMITS 
CDP1871AD, CDP1871AE CDP1871ACD, CDP1871ACE 
Vop 


Recommended Input Voltage Vss Vop 
Range 
(Keyboard Capacitance = 200 pF) 
Le @ 
NOTE: 


1. Printed-circuit board mount: 57mm x 57mm minimum area x 1.6mm thick G10 epoxy glass, or equivalent. 


Static Electrical Specifications At T, = -40 to +85°C, Unless Otherwise Specified 


CONDITIONS 


PARAMETER (V) (V) (V) 


Quiescent Device 
Current 


LIMITS 


CDP1871AD CDP1871ACD 
CDP1871AE CDP1871ACE 


Output Low Drive (Sink) 
Current (Except Debounce 
and D1-D11) 


Debounce 
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Static Electrical Specifications At T, = -40 to +85°C, Unless Otherwise Specified (Continued) 


PARAMETER 
Output High Drive (Source) 


Current 


Input Low Voltage 
(Except Debounce) 


Input High Voltage 
(Except Debounce) 


Debounce Schmitt Trigger 
Input Voltage 
Positive Trigger Voltage 


Negative Trigger Voltage 


Hysteresis 


Output Voltage Low Level 


Output Voltage High Level 


Input Leakage Current 
(Except S1-S8, Shift, 
Control) 


Three-State Output Leakage 


Current 


Pull-Down Resistor Value 
(S1-S8, Shift, Control) 


Operating Current 
(All Outputs Unloaded) 


fo = 0.4MHz 


fo, = 0.8MHz 


NOTE: 


1. Typical values are for Ty = +25°C and nominal Vpp. 
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Functional Description of 
CDP1871A Terminals 


D1 - D11 (Outputs): 


Drive lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix to 
the sense lines (S1 - S8). 


S1 - S8 (inputs): 


Sense lines for the 11 x 8 keyboard maxtrix. These inputs 
have internal pull-down resistors and are driven high by 
appropriate drive line when a keyboard switch is closed. 


CS1, CS2, CS3, CS4 (Inputs): 


Chip select inputs, which are used to enable the three-state 
data bus outputs (BUS 0 - BUS 7) and to enable the reset- 
ting of the status flag (DA), which occurs on the low-to-high 
transition of TPB. These four inputs are normally connected 
to the N-lines (NO-N2) and MRD output of the CDP1800- 
series microprocessor. (Table 2) 


BUS 0 - BUS 7 (Outputs): 


Three-state data bus outputs which provide the ASCII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS 0 - BUS 7 terminals of the CDP1800- 
series microprocessor. 


DA (Output): 


The data available output flag which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 
This output is normally connected to a flag input (EF1 - EF4) 
of the CDP1800-series microprocessor. 


TPB (Input): 


The input clock used to drive the scan generator and reset 
the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 


RPT (Output): 


The repeat output flag which is used to indicate that a key is 
still closed after data has been read from the CDP1871A 
(DA = high). It remains low as long as the key is closed and 
is used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1 - EF4) of 
the CDP1800-series microprocessor. : 


DEBOUNCE (input): 


This input is connected to the junction of an external resistor 
to Vpp and capacitor to Vss. It provides a debounce time 
delay (t = RC) after the release of a key. If a debounce is not 
desired, the external pull-up resistor is still required. 


ALPHA, SHIFT, CONTROL (Inputs): 


A high on the SHIFT or CONTROL inputs will be internally 
latched (after the debounce time) and the drive and sense 
line decoding will be modified as shown in Table 3. They are 
normally connected to the keyboard, but produce no code by 
themselves. The SHIFT and CONTROL inputs have internal 
pull-down resistors to simplify use with momentary contact 
switches. The ALPHA input is not latched and is designed for 
a standard SPDT switch to provide an alpha-lock function. 
When ALPHA = 1 the drive and sense line decoding will be 
modified as shown in Table 3. 


Vop» Vss: 


Vpp is the positive supply voltage input. Vsg is the most 
negative supply voltage terminal and is normal connected to 
ground. All outputs swing from Vss to Vpp. The 
recommended input voltage swing is from Vss to Vpp. 


TABLE 1. SWITCH INPUT FUNCTIONS 


NOTE: X= Don't Care 


CONTROL SHIFT ALPHA 
os 
a 


KEY FUNCTION 
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TABLE 2. VALID N-LINE CONNECTIONS 


CDP1871A SIGNAL 
CPU INPUT 


INSTRUCTION 


CDP1800- Series Signal 


TABLE 3. DRIVE AND SENSE LINE KEYBOARD CONNECTIONS (NOTE 2) 
DRIVE LINES 
SENSE 


ee Ce CC 
a 


ees 
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babe terdetos | 


Carriage 
Return 


SHIFT (Note 1) | ALPHA (Note 1) 
NORMAL CONTROL (Note 1) 
NOTES: 


1. CONTROL overrides SHIFT and ALPHA = No Response 
2. Showing ASCII outputs for all combinations with and without SHIFT, ALPHA LOCK and CONTROL. 
3. Drive lines 8, 9, 10 and 11 generate non-ASCII hex values which can be used for special codes. 


KEY: 
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TABLE 4. HEXIDECIMAL VALUES OF ASCII CHARACTERS 


b7 


Se nbeweec ie 


b6 —e= 


BITS b5 —» 


Operation 


The CDP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic (Figure 2). 
The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1-D11) and the sense lines (S1- 
S8). The outputs of the internal 5-stage scancounter are 
conditionally encoded by the ALPHA, SHIFT, and CONTROL 
inputs (Table 1, Table 3) and are used to drive the D1-D11 
output lines high one at a time. Each D1-D11 output may 
drive up to eight keys, which are sampled by the sense line 
inputs (S1-S8). The S1-S8 inputs are enabled by the internal 
3-stage scancounter. 


The control logic interfaces with the CDP1800-series I/O and 
timing signals to establish timing and status conditions for 
the CDP1871A. 


The TPB input clocks the scancounters and is also used to 
reset the Data Available output (DA). When a valid keydown 
condition is detected on a sense line, the control logic inhib- 
its the clock to the scancounters on the next low-to-high tran- 
sition of TPB and the DA output is set low. The scancounter 


outputs (C1 - C8) represent the ASCII and HEX key codes 
and are used to drive the BUS 0 - BUS 7 outputs, which 
interface directly to the CDP1800-Series data bus. The BUS 
0 - BUS 7 outputs, which are normally three-stated, are 
enabled by decoding the CS inputs during a CPU input 
instruction (Table 2). The low-to-high transition of TPB during 
the input instruction resets the DA output high. Once the DA 
output has been reset, it cannot go low again until the 
present key is released and a new keydown condition is 
detected. (This prevents unwanted repeated keycode out- 
puts which may be caused by fast software routines). 


After the depressed key is released and the debounce delay 
(determined by RX, CX) has occurred, the scan clock inhibit 
is removed, allowing the scancounters to advance on the fol- 
lowing high-to-low transitions of TPB. This provides an N-key 
lockout feature, which prevents the entry of erroneous codes 
when two or more keys are pressed simultaneously. The first 
key pressed in the scanning order is recognized, while all 
other keys pressed are ignored until the first key is released 
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and read by the CPU, at which time the next key pressed in 
the scanning order is detected. If the first key remains closed 
after the CPU reads the data and resets the DA output, on 
the low-to-high transition of TPB, an auxiliary signal (RPT) is 
generated and is available to the CPU to indicate an auto- 
repeat condition. The RPT output is reset high at the end of 
the debounce delay after the depressed key is released. 


The DEBOUNCE input provides a terminal connection for an 
external user-selected RC circuit to eliminate false detection 
of a keydown condition caused by keyboard noise. The oper- 
ation of the DEBOUNCE circuit is shown in Figure 2 (Pin 
36). When a valid keydown is detected, the on-chip active- 
resistor device (Rx) is enabled and the external capacitor 


(Cy) is discharged, providing a key closure debounce time = 
RyCy. This discharge is sensed by the Schmitt-trigger 
inverter, which clocks the DA flip-flop (latching the DA output 
low and inhibiting the scan clock). (The DA F/F is reset by 
the low-to-high transition of TPB when the CS inputs are 
enabled). When a valid key-release is detected RN is dis- 
abled and Cy begins to charge through the external resistor 
(Rx), providing a key-release debounce time = RyCy. This 
charge time is again sensed by the Schmitt-trigger inverter, 
enabling the scan clock to continue on the next high-to-low 
transitions of TPB, after the current keycode data is read by 
the CPU. 


Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp +5%, Unless Otherwise Specified 


PARAMETER 


Clock Cycle Time 


Clock Pulse Width High 


Data Available Valid Delay 


Data Available Invalid Delay 


Scan Count Delay 


(Non-Repeat) 


Data Out Valid Delay 


Data Out Hold Time 


oy 
fe, 
= 


= 
oO 
oO 


s 
oO 


Repeat Valid Delay 


Repeat Invalid Delay 


faa 
wil 
Uv 
| 


NOTES: 
1. Typical values are for Ty = +25°C and nominal Vpp. 


2. tec = town + tow. 
towL = tep1 + KC 
k = 0.9ns per pF 
c = Keyboard capacitance (pF) 


—, 
oO 
oO 
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TPB an tow. J LL. 1 


1 1! 1 
| | | | 
KEY | 1 4 
CLOSURE ee ee CLOSED " OPEN, ee 
a 
| 


—___toAL | 2 ! ! to AH 
DA oceans mainte. 
APT , , 
| 
| 


DEBOUNCE —22, 23 eee | 
ol counstacnacaeatecmammanarsitn’ ia mattis omnes : 
D1-D11 PRESENT COUNT, : : ¥ NEXT COUNT 


cS 


_. tepv x | tcpH ne 
NOTE: CS = CSi e CS2 eCS3 eCS4 


CS, CS2, CS3 = (CPU N-LINES) 
CS4 (MRD) is High for CPU Input Instruction 


FIGURE 3. CDP1871A DYNAMIC TIMING DIAGRAM (NON-REPEAT) 


| 
KEY ae St ec RSME Sb CAR SE SOON) | 
DEPRESSED | CLOSED l | OPEN 
] Rec sterntcscmcai a A RNS LRN MRS DE HR 


| L toaH ' 
! 


DEBOUNCE 2 et 
te kc ARR AE RN ETE NIN RE 


J “SP RRA RPA SS UR ARERR RIO I ALAR Tn RMN! FONE a AE 
D1-D11 PRESENT COUNT 2 ; NEXT COUNT 


cS 


te teov |< _ tepyH 
pUSO-BUS7 ee 


NOTE: CS = CS1 e CS2eCS3 ¢CS4 
C57, CS2, CS3 = (CPU N-LINES) 
CS4 (MRD) is High for CPU Input Instruction 


FIGURE 4. FIGURE 4. CDP1871A DYNAMIC TIMING DIAGRAM (REPEAT) 
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START 


MAIN 
A 2 
Y 


INPUT KEY 
DATA 


STORE KEY 
DATA 


DISPLAY 
CHARACTER 


PERIPHERALS 


FIGURE 5. TYPICAL SYSTEM SOFTWARE FLOWCHART FOR CDP1871A, CDP1871AC 
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March 1997 High-Speed 8-Bit Input and Output Ports 
Features Description 
¢ Parallel 8-Bit Input/Output Register with Buffered Out- The CDP1872C, CDP1874C and CDP1875C devices are 
puts high-speed 8-bit parallel input and output ports designed for 


P _ use in the CDP1800 microprocessor system and for general 
High-Speed Date-into Datecut Bons (Max) @lYpp=S¥ ace in other microprocessor systems. The CDP1872C and 


Flexible Applications In Microprocessor Systems as CDP1874C are 8-bit input ports; the CDP1875C is an 8-bit 


Buffers and Latches output port. 
¢ High Order Address-Latch Capability in CDP1800- These devices have flexible capabilities as buffers and data 
Series Microprocessor Systems latches and are reset by CLR input when the data strobe is 
not active. 
¢ Output Sink Current = 5mA (Min) at Vpp = 5V 
The CDP1872C and CDP1874C are functionally identical 
* Three-State Output - COP1872C and CDP1874C except for device selects. The CDP1872C has one active low 
saan ne active high select; the CDP1874C has two active 
Ordering Information high device selects. These devices also feature Three-state 


outputs when deselected. Data is strobed into the register on 
the leading edge of the CLOCK and latched on the trailing 
edge of the CLOCK. 


The CDP1875C is an output port with data latched into the 
registers when the device selects are active. There are two 
active high and one active low selects. The output buffers 
are enabled at all times. 


PART 
NUMBER TEMP. RANGE 


CDP1872CE -40°C to +85°C PDIP E22.4 
CDP1874CE -40°C to +85°C PDIP (ss ss E22 
CDP1875CE -40°C to +85°C PDIP E224 


Pinouts 
CDP1872C INPUT PORT CDP1874C INPUT PORT CDP1875C OUTPUT PORT 
(PDIP) (PDIP) (PDIP) 
TOP VIEW TOP VIEW TOP VIEW 
Vop Csi Vop 
DI7 DIO DI7 
D07 DOO DO07 
DI6 Di1 DI6 
DO6 DO1 DO6 
DI5 DI2 DI5 
DOS D02 DOS 
DI4 DI3 DI4 
DO04 DO3 D04 
CLA CS3 CLR 
cs2 Vss cs2 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1255.2 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp).......------++-: -0.5V to+7V Thermal Resistance (Typical) Bya (CCW) 
(Voltage referenced to Vgg Terminal) PDIP Package ......... 000. c eee e cece ee ees 75 
Input Voltage Range, All Inputs Ow ee aoe OOS -0.5V to Vop +0.5V Device Dissipation Per Output Transistor 
DC Input Current, Any One Input aes RASH GS Se See we Tian +10mA Ta = Full Package Temperature Range 
(All PAGKAOS TYDOS)..cccxvcrescternteeeteseasennis 100mW 
Operating Temperature Range (Ta) 
Package Type E.... cc cecssewevevnsnevceuns -40°C to +85°C 
Storage Temperature Range (Tstg).......----- -65°C to +150°C 
Lead Temperature (During Soldering) 
At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... 6... ee cee ee eee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions At T, = -40 to +85°C. For maximum reliability, operating conditions should be selected 
so that operation is always within the following ranges: 


LIMITS 
PARAMETER ALL TYPES UNITS 


Static Electrical Specifications At T, = -40 to +85°C, Vpp +5%, Unless Otherwise Specified. 
UNITS 


LIMITS 
TEST CONDITIONS ALL TYPES 
Vo Vin Vpp (NOTE 1) 
PARAMETER (V) (V) (V) TYP 

Output Low Drive Cenrlanchasell 
Current 
Output High Drive (Source) 
Current 
Output Voltage Low-Level Voi 
(Note 2) 
Output Voltage High-Level Vou 
(Note 2) 


Input Low Voltage 
Input High Voltage —s 
Input Leakage Current Flin | 


Three-State Output Leakage lout 
Current (Note 3) 


Input Capacitance | Cn | 
Output Capacitance (Note 3) 


1. Typical values are for T, = +25°C and nominal Vpp +5%. 


2. lo. = loH = = 1pA 
3. For CDP1872C and CDP1874C only. 
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Logic Diagrams 


Ccs1 
CS2 
Di 
CLOCK 
CLR 
FIGURE 1. EQUIVALENT LOGIC DIAGRAM (1 OF 8 LATCHES FIGURE 2. EQUIVALENT LOGIC DIAGRAM (1 OF 8 LATCHES 
SHOWN) FOR CDP1872C SHOWN) for CDP1874C 
csi 
CS2 


CS3 


CLR . 
FIGURE 3. EQUIVALENT LOGIC DIAGRAM (1 OF 8 LATCHES SHOWN) FOR CDP1875C 


Dynamic Electrical Specifications At T, = 25°C, Vpp 5V, tp, te = 10s, Viy = 0.7Vpp, Vit = 9-3Vpp, CL = 150pF 


LIMITS 
CDP1872C, CDP1874C 


(NOTE 1) | (NOTE 2) 
PARAMETER TYP MAX UNITS 


INPUT PORT (FIGURE 4) 
Output Enable 


Output Disable 


Minimum Clear Pulse Width 


NOTES: 
1. Typical values are for Ty = +25°C and Vpp +5%. 
2. Maximum values are for Ty = +85°C and Vpp +5% 
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CSI « CS2 
(CDP1872C) 
CSI e CS2 
(CDP1874C) 


CLOCK 


DATA IN 


DATA BUS 
(HIGH Z) 


CLR 


FIGURE 4. TIMING WAVEFORMS FOR CDP1872C AND CDP1874C (INPUT-PORT TYPES) 


Dynamic Electrical Specifications At Ts = 25°C, Vpp 5V, tp, te = 10s, Viy = 0.7Vpp, Vi, = 0.3Vpp, C, = 150pF 


LIMITS 
CDP1875C 
(NOTE 1) | (NOTE 2) 
PARAMETER TYP MAX UNITS 


OUTPUT PORT (FIGURE 5) 


Clock to Data Out 


PERIPHERALS 


1. Typical values are for T, = +25°C and Vpp +5%. 
2. Maximum values are for Ty = +85°C and Vpp +5% 


CSI e CS2 e CS3 = CLOCK 


tos 
g——- —- --- 
tou 


<——_—_—__2 
i Ci 
toio 
mmo _| KX XK) 


tcLo—» —+|tcro 


cn 


FIGURE 5. TIMING WAVEFORMS FOR CDP1875C (OUTPUT PORT) 


CLR 
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CS2 


CDP1874C 


MA15 
CDP1802 


CS3 
CDP1875C 


po DATA OUT 


TPB tsi 
DATA BUS 


0-7 


DATA BUS 


FIGURE 6. CDP1874C USED AS AN INPUT PORT AND ADDRESS LATCH WITH CDP1875C USED AS AN OUTPUT PORT 


DATA BUS DATA IN 
CDP1872C 


csi 


CD74HC138 


DATA BUS DATA OUT 


FIGURE 7. CDP1872C USED AS AN INPUT PORT AND SELECTED BY CD74HC138 
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MRD 


CDP1802 


NO Ni N2 DO-D7 


DATA IN DATA OUT 


ne 


Di DO 
CDP1875C 
CS2 et 


DI DO 


CDP1875C 
CS3 


DATA IN DATA OUT 


CDP1874C 


MEMORY 


FIGURE 8. CDP1874C AND CDP1875C USED AS INPUT/OUTPUT BUFFERS 
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PERIPHERALS 


4-81 


- CDP1877, 
SEMICONDUCTOR CDP1877C 


March 1997 Programmable Interrupt Controller (PIC) 


Features Description 


Compatible with CDP1800 Series The CDP1877 and CDP1877C are programmable 8-level interrupt control- 

lers designed for use in CDP1800 series microprocessor systems. They 
Programmable Long Branch Vector Address and provide added versatility by extending the number of permissible interrupts 
Vector Interval from 1 to N in increments of 8. 


8 Levels of Interrupt Per Chip When a high to low transition occurs on any of the PIC interrupt lines (IRO to 

IR7), it will be latched and, unless the request is masked, it will cause the 
Easily Expandable INTERRUPT line on the PIC and consequently the INTERRUPT input on 
the CPU to go low. 


The CPU accesses the PIC by having interrupt vector register R(1) loaded 
Hard Wired Interrupt Priorities with the memory address of the PIC. After the interrupt S3 cycle, this regis- 
ter value will appear at the CPU address bus, causing the CPU to fetch an 
instruction from the PIC. This fetch cycle clears the interrupt request latch 
bit to accept a new high-to-low transition, and also causes the PIC to issue a 
long branch instruction (CO) followed by the preprogrammed vector address 
written into the PIC’s address registers, causing the CPU to branch to the 
address corresponding to the highest priority active interrupt request. 


Order ing Information lf no other unmasked interrupts are pending, the INTERRUPT output of the 
PIC will return high. When an interrupt is requested on a masked interrupt 


TEMP. line, it will be latched but it will not cause the PIC INTERRUPT output to go 
RANGE 5V low. All pending interrupts, masked and unmasked, will be indicated by a “1” 
in the corresponding bit of the status register. Reading of the status register 

-40°C to |CDP1877CE |CDP1877E will clear all pending interrupt request latches. 
+85°C Several PICs can be cascaded together by connecting the INTERRUPT out- 


put of one chip to the CASCADE input of another. Each cascaded PIC pro- 
vides 8 additional interrupt levels to the system. The number of units 


cascadable depends on the amount of memory space and the extent of the 
address decoding in the system. 


Latched Interrupt Requests 


Memory Mapped 


Multiple Chip Select Inputs to Minimize Address 
Space Requirements 


Interrupts are prioritized in descending order; IR7 has the highest and IRO 
has the lowest priority. 


The CDP1877 and CDP1877C are functionally identical. They differ in that 
the CDP1877 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP1877C has a recommended operating voltage range of 4V to 
6.5V. 


Pinout Programming Model 


CDP1877, CDP1877C (PDIP) PROGRAMMABLE INTERRUPT CONTROLLER (PIC) 
Lica ou BUS 7 BUS 0 


CASCADE | 1 : PAGE REGISTER 
IR7 A15 A14 A13 A10 AQ A8 


BUS 7 BUS 0 


a 7 BUS 0 


on 7 BUS 0 


=a 3 
$5 $2 S1 SO 


= 7 BUS 0 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 31 9.2 
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Absolute Maximum Ratings 
DC Supply-Voltage Range, (Vpp) 


Thermal Information 
Thermal Resistance (Typical) 85a (°C/W) 


(All Voltages Referenced to Vg Terminal) PDIP Package ........... 0c cece cece eee ee nes 55 


FOP Us Toso caeeakedagea sche ceneeanveacews -0.5V to +11V Device Dissipation Per Output Transistor 
COP VET Ge bodes rS eoseouscee bet heaabsearieds -0.5V to +7V Ta = Full Package Temperature Range 
Input Voltage Range, All Inputs ............. “0.5V tO Vpp +0.5V (All Package Types).......... 0. cccce ec eee eee cues 100mWw 
DC Input Current, Any CONG NOU cccccdcne dia darmesacdaee +10mA Operating Temperature Range (Ta) 
PaACKAGG TVPG Bec ccs avsanewtetacscuases -40°C to +85°C 
Storage Temperature Range (Tsjg)...........- -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 
from case for 106 MAK sca vcscneeisavaaeeessasawnra +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Static Electrical Specifications At T, = -40 to +85°C, Vpp +5%, Unless Otherwise Specified 


CONDITIONS LIMITS 
PARAMETER 


CDP1877 CDP1877C 
Vo Vin Vop (NOTE1) 
(V) (V) (V) TYP 
Quiescent Device 
Current 


(NOTE1) 
Output Low Drive (Sink) 
Current 
ie ae 
aE 


U 


Output High Drive 
(Source) Current 


Output Voltage Low Level 
(Note 2) 


Output Voltage High Level 
(Note 2) 


Three-State Output +104 


Leakage Current 


| 


oi3 ELE = 31 3]7]31] 3 = 


TC 
oH 


Operating Device Current 
(Note 3) 


TN 


or —s — 


1. Typical values are for Ta = +25°C and nominal Vpp. 


2. lot = lon = 1pA 
3. Operating current is measured under worst-case conditions in a 3.2MHz CDP1802A system, one PIC access per instruction cycle. 
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Operating Conditions AtT, = Full package temperature range. For maximum reliability, operating conditions should be selected so 
that operation is always within the following ranges: 


PARAMETER 


DC Operating Voltage Range | 
Input Voltage Range Vss 


WRITE CONTROL REGISTER 


* 
cs(_) MWR) WRITE PAGE REGISTER 
Be 


DECODER 


Al LL WRITE MASK REGISTER 
cAlAy() i — > cs READ STATUS REGISTER 
ae LE Ff — 


» READ LONG BRANCH 
CASC (_) ) >—UOnt 
READ WRITE WRITE READ 
STATUS MASK PAGE LONG 
REGISTER REGISTER REGISTER BRANCH 


HIGH 
VECTOR 


PRIORITY SUDRESS 


_ INTERRUPT 

IR7 LATCH/ MASK 
STATUS REGISTER 

REGISTER 


GENERATE 
LOGIC 


P 
ro 


SSN 


Ps) 
un 


READ POLLING 
REGISTER 


| 2 
OOOQOQOOO0OO 
OSS 


5] 
ro) 


EN MWR MRD 


B 
) 


LOW 


Ft} | ft {fl 
NI 
SASS 


_ 44 VECTOR 
IR1 ADDRESS C) Bus 0 
iRO CLEAR CLEAR INTERVAL Z UPPER BITS ( ) Bus 1 


ce ( ) Bus 2 


y A y y 
LID CLIZL DIRDZIIIZ. rt heey ODI IID BUFFERS }—(_) BUS 3 


a ( ) Bus 4 
WRITE 

CONTROL REGISTER CONTROL ( ) Bus 5 

REGISTER >) puss 


( ) Bus 7 


FIGURE 1. FUNCTIONAL DIAGRAM FOR CDP1877 
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Functional Definitions for CDP1877 and CDP1877C Terminals 


OL 
Veoves [Power OOOOOCOCOCSCSCSCSCSCSC*dSCO 


[0 
[RTERAUPT—[irerapt@OPU «Ya 
[rea Tee__[TwngpucestemoPU Sd 
[esiGS [Srp ects Eraie rptvaivaumegTPA «dC 
[eth Cai Used Op Soc crng TPA and ata Rog Aaoes Dug Reade Opwatons [nok 


CASCADE 


PIC Programming Model 


Used for Cascading Several PIC Units. The INTERRUPT Output from a Higher 
Priority PIC can be Tied to this Input, or the Input can be Tied to Vpp if Cascading is Not Used. 


INTERNAL REGISTERS Page Register 


The PIC has three write-only programmable registers and This write only register contains the high order vector 

two read-only registers. address the device will issue in response to an interrupt 
request. This high-order address will be the same for any of 
the 8 possible interrupt requests; thus, interrupt vectoring dif- 
fers only in location within a specified page. 


BUS 7 BUS 0 


PAGE REGISTER BITS 
+ 


Control Register 


The upper nibble of this write-only register contains the low interrupt request. The lower nibble is used for a master 
order vector address the device will issue in response to an __ interrupt reset, master mask reset and for interval select. 


BUS 7 BUS 0 


CONTROL REGISTER BITS 
B7 B4 B3 


INTERVAL SELECT DETERMINES 
NUMBER OF BYTES ALLOCATED TO 
EACH INTERRUPT SERVICE ROUTINE 


Bit 7 BIT O INTERVAL 
Ae 2 Oe ee 


WRITE ONLY 


0 RESETS ALL MASK REGISTER BITS 
1 NO CHANGE 


MASTER INTERRUPT RESET 

0 RESETS ALL INTERRUPT LATCHES, CLEARS ANY 
PENDING INTERRUPTS 

1 NO CHANGE 


SETS UPPER BITS OF THE LOW ORDER VECTOR ADDRESS AS A 
FUNCTION OF THE INTERVAL SELECT 
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The Low Order Vector Address will be set according to the table below: 


INTERVAL SELECTED NO. OF BYTES 
CO 
a 
eC 


1. X = Don’t Care 
2. All Don’t Care addresses and addresses AO-A3 are determined by interrupt request. 


Mask Register 


A ”1” written into any location in this write only register will 
mask the corresponding interrupt request line. All interrupt 
inputs (except CASCADE) are maskable. 


BUS 7 BUS 0 


MASK REGISTER BITS WRITE ONLY 
M7 M4 M3 Mie dl 


Status Register 


In this read only register a “1” will be present in the 
corresponding bit location for every masked or unmasked 
pending interrupt. 


BUS 7 BUS 0 


STATUS REGISTER BITS 


Polling Register 


This read only register provides the low order vector address 
and is used to identify the source of interrupt if a polling 
technique, rather than interrupt servicing, is used. 


BUS 7 BUS 0 


POLLING REGISTER BITS 


RESPONSE TO INTERRUPT (AFTER S3 CYCLE) 


The PIC’s response to interrogation by the CPU is always 3 
bytes long, placed on the data bus in consecutive bytes in 
the following format: 


First (Instruction) Byte: 
LONG BRANCH INSTRUCTION - CO (Hex) 


BUS 7 BUS 0 


po Te fe Foe Pe Pe Pe | 
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Second (High-Order Address) Byte 


This byte is the High-Order vector Address that was written 
into the PIC’s Page Register by the user. The PIC does not 
alter this value in any way. 


High-Order Vector Address 
BUS 7 BUS 0 


Third (Low-Order Address) Bytes 


INTERVAL 2 
BUS 7 BUS 0 


INTERVAL 4 
BUS 7 BUS 0 


INTERVAL 8 
BUS 7 BUS 0 


INTERVAL 16 
BUS 7 BUS 0 


Indicates active interrupt input number (binary 0 to 7). 


Bits indicated by Ay (x = 4 to 7) are the same as pro- 
grammed into the control register. All other bits are 
generated by the PIC. 


REGISTER ADDRESSES 


In order to read/write or obtain an interrupt vector from any 
PIC in the system, all chip selects (CS/Ay, CS/Ay, CS, CS) 
must be valid during TPA. 


CS/Ay, and CS/Ay are multiplexed addresses; both must be 
high during TPA, and set according to this table during TPB 
to access the proper register. 


1 READ Long Branch instruction and vector for highest 
priority unmasked interrupt pending. 


Lf WRITE to Control Register 
pO 1 READ Status Register 
WRITE to Mask Register 


READ Polling Register (Used to identify INTERRUPT 
source if Polling technique rather than INTERRUPT ser- 
vice is used.) 
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PIC Application Examples 


Example 1 - Single PIC Application 


Figure 2 shows all the connections required between CPU 
and PIC to handle eight levels of interrupt control. 


< 


DD 


CPU PIC 
CDP1802 CDP1877 
MWA 


lazaaz 


EE 


FIGURE 2. PIC AND CPU CONNECTION DIAGRAM 


Programming 


Programming the PIC consists of the following steps: Values for Example 1 with LOCATION 84E0 arbitrarily cho- 
; sen as the Vector Address with interval of eight bytes, IR4 
1. Disable interrupt at CPU pending, is shown in Table 1. 
2. Reset Master Interrupt Bit, B3, of Control Register. 


3. Write a “1” into the Interrupt Input bit location of the Mask 
Register, if masking is desired. 


In deriving the above addresses, all Don’t Care bits are 
assumed to be 0. 


4. Write the High-Order Address byte into the Page When an INTERRUPT (IR4) is received by the CPU, it will 
Register. address the PIC and will branch to the interrupt service 
5. Write the Low-Order Address and the vector interval into iasanias 
the Control Register. The three bytes generated by the PIC will be: 
6. Program R(1) of the CPU to point to the PIC so that the ist Byte = CO, 
Long Branch instruction can be read from the PIC during 2nd Byte = 84, 
the Interrupt Service routine. 3rd Byte = E0,, 


TABLE 1. REGISTER ADDRESS VALUES 
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Example 2 - Multi-PiIC Application 


Figure 3 shows all the connections required between CPU 
and PIC’s to handle sixteen levels of interrupt control. 


MA7 


Wi Diesel ely 
a 5 a 


CPU MA1 
CDP1802 MAO 


a 

os 

i 

a 
EEE 


», +V 


HIGHEST 
PRIORITY 
INTERRUPT 


a 
| 
= 
= 
a 
i 
5 
ios) 


BEE 


CS/Ay 


CS/Ay 
cs PIC 2 


CDP1877 iR6é 


CASC 
IR7 


LOWEST 
PRIORITY 
INTERRUPT 


FIGURE 3. PICs AND CPU CONNECTION DIAGRAM 


Register Address Assignments 


The low-byte register address for any WRITE or READ 
operation is the same as shown in Table 1. 


The High-Byte register differs for each PIC because of the 
linear addressing technique shown in the example: 

PIC 1 = 111XXX01 (E1,, for X = 0) 

PIC 2 = 111XXX10 (E2,, for X = 0) 


The R(1) vector address is unchanged. This address will 
select both PICs simultaneously (R(1). 1 = 111XXX00 = 
EO). Internal CDP1877 logic controls which PIC will 
respond when an interrupt request is serviced. 


Additional PIC Application Comments 


The interval select options provide significant flexibility for 
interrupt routine memory allocations: 


¢ The 2-byte interval allows one to dedicate a full page to 
interrupt servicing, with variable space between routines, 
by specifying indirect vectoring with 2-byte short branch 
instructions on the current page. 


¢ The 4-byte interval allows for a 3-byte long branch to any 
location in memory where the interrupt service routine is 
located. The branch can be preceded by a Save 
Instruction to save previous contents of X and P on the 
stack. 


¢ The 8-byte and 16-byte intervals allow enough space to 
perform a service routine without indirect vectoring. The 
amount of interval memory can be increased even further 
if all8 INTERRUPTS are not required. Thus a 4-level inter- 
rupt system could use alternate IR Inputs, and expand the 
interval to 16 and 32 bytes, respectively. 


The 4 Chip Selects allow one to conserve total allotted 
memory space to the PIC. For one chip, a total of 4 
address lines could be used to select the device, mapping 
it into as little as 4-K of memory space. Note that this 
selection technique is the only one that allows the PIC to 
work properly in the system: I/O mapping cannot be used 
because the PIC must work within the CDP1800 interrupt 
structure to define the vector address. Decoded signals 
also will not work because the chip selects must be valid 
on the trailing edge of TPA. 
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Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp +5%, tr, te = 20ns, Viy = 0.7Vpp, Vi_ = 0.3Vpp, C, = S0pF 


LIMITS 


CDP1877 CDP1877C 


= (NOTE 1) (NOTE 1) 

PARAMETER TYP TYP 
Address to TPA Setup Time 
Address to TPA Hold Time 
Data Hold Time from Write 
Address to Valid Data 
Access Time 
Data Setup Time to Write 
Address Hold from TPB tutes 
Minimum MWR Pulse Width | 130 | 


“Eee 
sc 


NOTE: 
1. Typical values are for T, = 25°C and Vpp +5%. 


_ 
>) 


=" 
So 


aac aki 
oO (2) 


TPA 


MEMORY ADDRESS 


MRD 
tor totes 
tuwr 
MWR 
a <<— ‘DH 
DATA FROM BUS TO PIC 


tirnx 
gj 


FIGURE 4. TIMING WAVEFORMS FOR CDP1877 
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March 1997 CMOS Dual Counter-Timer 


Features Description 


¢ Compatible with General Purpose and CDP1800 The CDP1878C is a dual counter-timer consisting of two 16- 

Series Microprocessor Systems bit programmable down counters that are independently 
controlled by separate control registers. The value in the reg- 
isters determine the mode of operation and control func- 
tions. Counters and registers are directly addressable in 
5 Modes Including a Versatile Variable-Duty Cycle memory space by any general industry type microproces- 
Mode sors, in addition to input/output mapping with the CDP1800 

series microprocessors. 


Two 16-Bit Down Counters and Two 8-Bit Control 
Registers 


Programmable Gate-Level Select 
Each counter-timer can be configured in five modes with the 
additional flexibility of gate-level control. The control regis- 
ters in addition to mode formatting, allow software start and 
Software-Controlled Interrupt Output stop, interrupt enable, and an optional read control that 
; allows a stable readout from the counters. Each counter- 
Addressable in Memory Space or CDP1800-Series /O timer has software control of a common interrupt output with 
Space an interrupt status register indicating which counter-timer 
has timed out. 


Ordering Information In addition to the interrupt output, true and complemented 


PART outputs are provided for each counter-timer for control of 


Two-Complemented Output Pins for Each Counter- 
Timer 


”) 

: 7 This type is supplied in 28-lead dual-in-line ceramic pack- q 

CDP1878CE | -40°C to +85°C Ca ages (D suffix), and 28-lead dual-in-line plastic packages (E Q 
: suffix). Qt 

CDP1878CD_ | -40°C to +85°C | SBDIP N28.6 © 2 
oc 

Lu 

o 


CDP1878C 
(DIP) 


TOP VIEW TABLE 1. MODE DESCRIPTION 


| MODE | FUNCTION APPLICATION 


1 Timeout Outputs change when clock | Event counter 
decrements counter to “0” 
2 Timeout One clockwide output pulse | Trigger pulse 
Strobe when clock decrements 
counter to “O” 


3 Gate-Con- Outputs change when clock | Time-delay 
trolled One decrements counter to “0”. generation 
Shot Retriggerable 


4 Rate Generator | Repetitive clockwide output | Time-base 
pulse generator 
5 Variable-Duty | Repetitive output with Motor control 
Cycle programmed duty cycle 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 341 2 
Copyright © Harris Corporation 1997 4-91 
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Absolute Maximum Ratings Thermal Information 
DC Supply-Voltage Range, (Vpp) Thermal Resistance (Typical) Oya (CCIW) 8yc (°C/W) 
(All Voltages Referenced to Vsg Terminal) PDIP Package............0000005 55 N/A 
CDPVGIOO sc ck us cites ekeae renee eeaeesasavns -0.5V to +7V SBDIP Package..............008. 50 12 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Device Dissipation Per Output Transistor 
DC Input Current, Any One Input Siciok than fbx Sa. hn SNS 0) Gio rede iS Sse +10mA Ta = Full Package Temperature Range 
(All PACKAGE TYPOS)..0nieccisnwecentseurreneae nse 100mW 
Operating Temperature Range (Ta) 
Package Type D...... ee ccc ccc eens eens -55°C to +125°C 
Packie Ty06 Bicsiskakceeideeciseckecsans -40°C to +85°C 
Storage Temperature Range (TsTG).......--.-: -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 + 1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... 6... eee eee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


Maximum Clock Input Frequency 


Static Electrical Specifications At T, = -40°C to +85°C, Vpp + 5% Except as noted: 


CONDITIONS LIMITS 
Vo VIN Vpp (NOTE 1) 
PARAMETER SYMBOL (V) (V) (V) TYP 


Se 
pamiioroonenonen | ae | fos |= | | = 
canine sonnomen] or [+8 | os | s | a8 
pamivanonioniennora | va [=| es |= | 
aeavenarionoeen] vor | -_| 2s | * | @ 
fniowvome fu fomesp | 8 
ronnie fv [omest | § 
etter | we [aves] on | 8 
mareorentaes | eo | - | as | # 

— 

—— 


NOTES: 
1. Typical values are for Ta = +25°C and nominal Vpp. 
2. loc =loH = 1pA 


3. Operating current measured at 200kHz for Vpp = 5V, with open outputs (worst-case frequencies for CDP1802A system operating at max- 
imum speed of 3.2MHz). 


15 


ee 


4-92 


CDP1878C 


Functional Diagram 
‘ REGISTER A 
RESET a ¥ > GATEA 
RD ¢ 
TPB/WR c [counTeR a] CONTROL REGISTER A TAO 
stable COUNTER A 
TPA AND 
cSec LOGIC 5 CLOCKA 
A2¢ 
ae HOLDING 
AOC no A 
x 
Vss @ INT AND __ 
STATUS REGISTER INT 
8-BIT DATA _ 


EXTERNAL a BUS 
BUS DRIVERS 


> GATEB 
1 CONTROL REGISTERB}> TBO 
anne AND MODE CONTROL TBO 
y 2 CLOCKB 


HOLDING 
; REGISTER B 


FUNCTIONAL DEFINITIONS FOR CDP1878C TERMINALS 


DB0-DB7 Data to and from device TBO, TBO | Complemented outputs of Timer B 


TPB/WR, RD | Directional Control Signals a Used with CDP1800-series processors, tied high 
otherwise 


A 
AO, Ai, A2_ | Addresses that select counters or registers Active high input that enables device 
TACL, TBCL | Clocks used to decrement counters Low when counter is “0” 


TP 
Cc 
INT 
TAG, TBG | Gate inputs that control counters RES When active, TAO, TBO are low, TAO, TBO are 
10/M 


high. Interrupt status register is cleared. 


ET 
EM Tied high in CDP 1800 input/output mode, other- 
wise tied low 
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REGISTER TRUTH TABLE 


ADDRESS 


2 
QO 
= 
< 
mi 


REGISTER COUNTER 


x __ [Read Counters 
[Read Counters 
a cc 
a 


X Interrupt Status Register 
X 


Not Used 


Programming Model 


BUS 7 BUS 0 BUS 7 BUS 0 


CONTROL REGISTER CONTROL REGISTER 


WRITE ONLY WRITE ONLY 


COUNTER A REGISTERS COUNTER B REGISTERS 


BUS 7 BUS 0 


| READ ONLY 
TIMER A 


TIMER B 


INTERRUPT STATUS REGISTER 
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Functional Description 


The dual counter-timer consists of two programmable 16-bit 
down counters, separately addressable and controlled by 
two independent 8-bit control registers. The word in the con- 
trol register determines the mode and type of operation that 
the counter-timer performs. Writing to or reading from a 
counter or register is enabled by selective addressing during 
a write or read cycle. The data is placed on the data bus by 
the microprocessor during the write cycle or read from the 
counter during the read cycle. Data to and from the counters 
and to the control registers is in binary format. 


Each counter-timer consists of three parts. The first is the 
counter itself, a 16-bit down counter that is decremented on 
the trailing edge of the clock input. The second is the jam 
register that receives the data when the counter is written to. 
The word in the control register determines when the jam 
register value is placed into the counter. The third part is the 
holding register that places the counter value on the data 
bus when the counter is read. 


When the counter has decremented to zero, three events 
occur. The first involves the common interrupt output pin that, 
if enabled, becomes active low. The second is the setting of a 
bit in the interrupt status register. This register can be read to 
determine which counter-timer has timed out. The third event 
is the logic change of the complemented output pins. 


In addition to the clock input used to decrement the counter, a 
gate input is available to enable or initiate operation. The 
counter-timers are independent and can have different mode 
operations. 


Write Operation 


The counters and registers are separately addressable and 
are programmed via the data bus when the chip is selected 
with the TPB/WR pin active. Normal sequencing requires that 
the counter jam register be loaded first with the required value 


Control Register 


(most significant and least significant byte in any order), and 
then the control register be accessed and loaded with the 
control word. The trailing edge of the TPB/WR pulse will latch 
the control word into the control register. The trailing edge of 
the first clock to occur with gate valid will cause the counter to 
be jammed with its initial value. The counter will decrement on 
the trailing edge of succeeding clocks as long as the gate is 
valid, until it reaches zero. The output levels will then change, 
and if enabled, the interrupt output will become active and the 
appropriate timer bit will be set in the interrupt status register. 
The interrupt output and the interrupt status register can be 
cleared (to their inactive state) by addressing the control reg- 
ister with the TPB/WR line active For example, if counter A 
times out, control register A must be accessed to reset the 
interrupt output high and reset the timer A bit in the status reg- 
ister low. Timer B bit in the status register will be unaffected. 


Read Operation 


Each counter has a holding register that is continuously 
being updated by the counter and is accessed when the 
counter is addressed during read cycles. Counter reads are 
accomplished by halting the holding register and then read- 
ing it, or by reading the holding register directly. If the holding 
register is read directly, data will appear on the bus if the 
counters are addressed with the RD line active. However, if 
the clock decrements the counter between the two read 
operations (most and least significant byte), an inaccurate 
value will be read. To preclude this from happening, writing a 
“1” into bit 6 of the control register and then addressing and 
reading the counter will result in a stable reading. This oper- 
ation prevents the holding register from being updated by the 
counter and does not affect the counter’s operation. 


The interrupt status register is read by addressing either 
control register with the RD line active. A “1” in bit 7 indicates 
Timer A has timed out and a “1” in bit 6 indicates Timer B 
has timed out. Bits 0-5 are zeros. 


JAM ENABLE j 
1 = ENABLE 

0 = DISABLE 

HOLDING REGISTER CONTROL 

1 = FREEZE HOLDING REGISTER 

0 = UPDATE CONTINUOUSLY 


START/STOP CONTROL 


1 = START COUNTER 
= STOP COUNTER 


Bits 0, 1 and 2 


Mode Selects - See Mode Timing Diagrams (Figures 1, 2, 3, 
4, and 5). 


Note: When selecting a mode, the timer outputs TAO and TBO 
are set low, and TAO and TBO are set high. If bits 0, 1 and 2 
are all zero’s when the control register is loaded, no mode is 
selected, and the counter-timer outputs are unaffected. Issuing 
mode 6 will cause an indeterminate condition of the counter, 
issuing mode 7 is equivalent to issuing mode 5. 


nha fo MODE SELECT 
GATE LEVEL SELECT he = MODE 1 


1= POSITIVE (HIGH) 49 aca 
0 =NEGATIVE (LOW) ‘409 = MODE 4 
101 = MODE 5 
INTERRUPT ENABLE +PLUS BIT7 = 0 
1 = ENABLE 
= DISABLE 


Sn (28d ed Gad Cd 
Moder Timea it~ of oys 
Mode2-TmeoutSvobe [| - | 0 | + | 0 
Mode - Gate Contoled One Shot] 0 [0 [+ | 7 


Mode «Fate Generator | - | +] oo. 
Mode S-Varable-Duy owe - | +] >] 


No Mode selected. Counter outputs 
unaffected 
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Bit 3 - Gate Level Select - All modes require an enabling sig- 
nal on the gate to allow counter operation. This enabling sig- 
nal is either a level or a pulse (edge). Positive gate level or 
edge enabling is selected by writing a “1” into this bit and 
negative (low) enabling is selected when bit 3 is “O”. 


Bit 4 - Interrupt Enable - Setting this bit to “1” enables the 
INT output, and setting it to “0” disables it. When reset, the 
INT output is at a high level. If the interrupt enable bit in the 
control register is enabled and the counter decrements to 
zero, the INT output will go low and will not return high until 
the counter-timer is reset or the selected control register is 
written to. Example: If timer B times out, control register B 
must be accessed to reset the INT output high. If the inter- 
rupt enable bit is set to “0”, the counter’s timeout will have no 
effect on the INT output. 


In mode 5, the variable-duty cycle mode, the INT pin will 
become active low when the MSB in the counter has decre- 
mented to zero. 


Bit 5 - Start/Stop Control - This bit controls the clock input to 
the counter and must be set to “1” to enable it. Writing a “O” 
into this location will halt operation of the counter. Operation 
will not resume until the bit is set to “1”. 


Bit 6 - Holding Register Control - Since the counter may be 
decrementing during a read cycle, writing a “1” into this loca- 


Mode Descriptions 


tion will hold a stable value in the hold register for subse- 
quent read operations. Rewriting a “1” into bit 6 will cause an 
update in the holding register on the next trailing clock edge. 
If this location contains a “0”, the holding register will be 
updated continuously by the value in the counter. 


Bit 7 - Jam Enable - When this bit is set to “1 “during a write 
to the control register, the 16-bit value in the jam register will 
be available to the counter; TAO and TBO are reset low and 
TAO and TBO are set high. On the trailing edge of the first 
input clock signal with the gate valid this value will be latched 
in the counter, the counter outputs TAO and TBO will be set 
high and the TAO and TBO will be reset low. Setting bit 7 to 
“O” will leave the counter value unaffected. This location 
should be set to “O” any time a write to the control register 
must be performed without changing the present counter 
value. If the value in the jam register has not been changed, 
writing a “1” into bit 7 of the control register with zeros in bits 
0,1, and 2 (mode select) will reload the counter with the old 
value and leave the mode unchanged. If the value in the jam 
register is changed, then the next write to the control register 
(with bit 7 a “1”) must include a valid mode select (i.e., at 
least 1 of the bits 0,1, or 2 must be a 1”). 


In mode 3, the hardware start is enabled by writing a “O” into 
bit 7. If a “1” is written to bit 7, the timeout will start immedi- 
ately and mode 3 will resemble mode 1. 


) MODE CONTROL REGISTER GATE CONTROL 


BUS 7 


xPxPx]xfo]o 


Selectable High or Low 
Level Enables Operation 


BUS 0 


yom 


Mode 1 


After the count is loaded into the jam register and the control 
register is written to with the jam-enable bit high on the trail- 
ing edge of the first clock after the gate is valid, TXO goes 
high and TXO goes low. The input clock decrements the 
counter as long as the gate remains valid. When it reaches 
zero TXO goes low and TXO goes high, and if enabled, the 


interrupt output is set low. Writing to the counter while it is 
decrementing has no effect on the counter value unless the 
control register is subsequently written to with the jam- 
enable bit high. After timeout the counter remains at FFFF 
unless reloaded. 


COUNTER VALUE 5 4 3 2 1 1 0 
5 4 3 2 1 1 0 FFFF 
WR CONTROL 
REGISTER ral STALL COUNTER 
a 
GATE 
Sim@iggeaeee& w& a @ 
TXO 
INT 5 LOAD COUNT = 5 


FIGURE 1. TIMEOUT (MODE 1) TIMING WAVEFORMS 
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p MODE CONTROL REGISTER GATE CONTROL 


Timeout Strobe Selectable High or Low 
x] x1x]x1x fo] 1 Jo | Level Enables Operation 


BUS 7 BUS 0 


Mode 2 


Operation of this mode is the same as mode 1, except the to the condition of TXO high and TXO low, and the counter is 
outputs will change for one clock period only and then return reloaded 


COUNTER VALUE 3 2 14 «0 Pe a ee 
CLOCK 


3 
WR CONTROL SEE NOTE 
REGISTER J /¥ 2 


TXO 


INT ‘ LOAD COUNT =3 


FIGURE 2. TIMEOUT STROBE (MODE 2) TIMING WAVEFORMS 
NOTE: Write to control register with mode selects = 0 


p MODE CONTROL REGISTER GATE CONTROL 


Gate Controlled One-Shot _f_ Selectable Positive or 
0 ]x|xtx}x fo] 1] | Negative Going Edge 


BUS 7 BUS 0 l Initiates Operation 


Mode 3 


After the jam register is loaded with the required value, the gerable: While the counter is decrementing, a gate edge or 
gate edge will initiate this mode. TXO will be set high, and _ write to the control register with the jam-enable bit high, will 
TXO will be set low. The clock will decrement the counter. load the counter with the jam register value and restart the 
When zero is reached, TXO will go low and TXO will be high, one-shot operation. 

and the interrupt output will be set low. The counter is retrig- 


COUNTER VALUE 3 2 1 0 3 3 2 
ax [| | [| L| LI LI.LJ LI LIL] LILI] 
3 2 1 0 3 3 2 1 
WR CONTROL 
REGISTER A 
some ee elie e ee es a 
TxXO 


INT 1 LOAD COUNT = 3 | 


FIGURE 3. GATE CONTROLLED ONE-SHOT (MODE 3) TIMING WAVEFORMS 
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| MODE CONTROL REGISTER GATE CONTROL 


Rate Generator 


BUS 7 


PPP] fof] 


Selectable High or Low 
Level Enables Operation 


BUS 0 


Mode 4 


A repetitive clock-wide output pulse will be output, with the 
time between pulses equal to the counter’s value, (trailing 
edge to leading edge). This model is software started with a 
write to the control register if the gate level is valid. If the 
counter is written to while decrementing, the new value will 


COUNTER VALUE 3 2 


not affect the counter’s operation until the present timeout 
has concluded, unless the control register is written to with 
the jam-enable bit high. If the gate input (TAG or TBG) is 
used to start this mode, the first cycle following the gate 
going true is indeterminate. 


0 3 2 1 0 3 N 


3 2 1 


WR CONTROL 
REGISTER 


! } 


GATE 


INT 


0 3 2 1 0 3 N 


{ LOAD COUNT = 3 


FIGURE 4. RATE GENERATORS (MODE 4) TIMING WAVEFORMS 


p MODE CONTROL REGISTER GATE CONTROL 


Variable Duty Cycle 


BUS 7 


BOSRROoo 


Selectable High or Low 
Level Enables Operation 


BUS 0 


Mode 5 


After the mode is initiated, the outputs will remain at one 
level until the clock decrements the least significant byte of 
the counter to N+1. The outputs will then change level and 
the counter decrements the most significant byte to N+1. 
The process will then repeat, resulting in a repetitive output 


with a duty cycle directly controlled by the value in the 
counter. The output period will be equal to LSB+MSB+2. 


The interrupt output will become active after the MSB is 
loaded into the counter and decrements to zero. 


0 1 0 2 1 0 1 


COUNTER VALUE 2 1 
2 1 0 
WR CONTROL i 
REGISTER 4 J) 
GATE 
s ae aes w@ ag 
TXO LSB 
INT LOAD COUNT LSB = 2 AND MSB = 1 


1 0 2 1 0 1 


MSB LSB 


FIGURE 5. VARIABLE-DUTY CYCLE (MODE 5) TIMING WAVEFORMS 
NOTE: In order to avoid unwanted starts when selecting mode 3 or 4, the gate signal must be set to the opposite level that will be pro- 


grammed. 
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Setting the Control Register 


The following will illustrate a counter write and subsequent 
reads that places stable, accurate values on the data bus 
from the counter-timer. 


The counter is addressed and the required values are 
loaded with a write operation. The control register is 
addressed next and loaded with B9H. 


DOnDnOOE 7 BUS 0 


THT CONTROL 
REGISTER = BSH 
ee 1 SELECTED 
POSITIVE GATE ENABLING 


LOAD COUNTER 
WITH JAM REGISTER REQUIRED 
INTERRUPT OUTPUT 
ENABLE 
HOLDING REGISTER 
CONTINUOUSLY 
UPDATED BY COUNTER COUNTER START 
FIGURE 6. 


The counter will now decrement with each input clock pulse 
while the gate is valid. Assuming the counter has not decre- 
mented to zero and its value is to be read without affecting 
the counter’s operation, a write to the control register is per- 
formed. 78H is loaded into the control register. 


BUS 7 BUS 0 


I my ——— CONTROL 
REGISTER = 78H 
COUNTER VALUE UNCHANGED COUNTER OUTPUTS 
UNAFFECTED UNAFFECTED 
FREEZE HOLDING 
REGISTER 
FIGURE 7. 


The counter is addressed and read operations are per- 
formed. 


Function Pin Description 


DB7 - DBO - 8-bit bidirectional bus used to transfer binary 
information between the microprocessor and the dual 
counter-timer. 


Vpp; Vss - Power and ground for device. 


AO, A1, and A2 - Addresses used to select counters or reg- 
isters. 


TPB/WR, RD - Directional signals that determine whether 
data will be placed on the bus from a counter or the interrupt 
status register (RD active) (memory mapped), or data on the 
bus will be placed into a counter or control register (TPB/WR 
active). The following connections are required between the 
microprocessor and the counter-timer in the CDP1800- 
series input/output mapping mode. 


MICROPROCESSOR COUNTER-TIMER 
MRD RD 
TPB TPB/WR 
TPA TPA 
N Lines Address Lines 


and |O/MEM to Vpp 


During an output instruction, data from the memory is 
strobed into the counter-timer during TPB when RD is active, 
and latched on TPB’s trailing edge. Data is read from the 
counter-timer when RD is not active between the trailing 
edges of TPA and TPB. See Figures 11, 12, and 13. 


TACL, TBCL - Clocks used to decrement the counter. 
TAG, TBG - Gate inputs used to control counter. 
TAO, TAO - Complemented outputs of Timer A. 

TBO, TBO - Complemented outputs of Timer B. 


INT - Common interrupt output. Active when counter decre- 
ments to zero. 


RESET - Active low signal that resets counter outputs (TAO, 
TBO low, TAO, TBO high). The interrupt output is set high 
and the status register is cleared. 


1IO/MEM - Tied high in CDP1800-series input/output mode, 
otherwise tied low. 


TPA - Tied to TPA of the CDP1800-series microprocessors. 
During memory mapping, it is used to latch the high order 
address bit for the chip select. In the CDP1800 input/output 
mode, it is used to gate the N lines. When the counter-timer 
is used with other microprocessors, or when the high order 
address of the CDP1800-series microprocessors is exter- 
nally latched, it is connected to Vpp. 


CS - An active high signal that enables the device. 
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TACL, TBCL 


ADDRESS 
LINES 
1O/MEM 
INT INT 
COUNTER - TIMER 


MEMORY CDP1802 DBO - DB7 


FIGURE 8. TYPICAL CDP1802 MEMORY-MAPPED SYSTEM 


LATCH HIGH-ORDER 
TPA V ADDRESS FOR CS 
ADDRESS HIGH BYTE LOW BYTE 


TPB/WR ; DATA LATCHED 
DATA FROM CPU 
TO COUNTER-TIMER VALID DATA 


FIGURE 9. CDP1800-SERIES MEMORY-MAPPING WRITE CYCLE TIMING WAVEFORMS 


ADDRESS HIGH BYTE LOW BYTE 


OUTPUT DRIVERS 


AD | a ENABLED DISABLED i 
DATA FROM 7 
COUNTER-TIMER QW VALID DATA 
TO CPU ea 


FIGURE 10. CDP1800-SERIES MEMORY-MAPPING READ CYCLE TIMING WAVEFORMS 
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ADDRESS 
LINES 


MEMORY 


FIGURE 11. TYPICAL CDP1802 INPUT/OUTPUT-MAPPED SYSTEM 


N LINES 


TPB/WR 


DATA FROM MEMORY 
TO COUNTER-TIMER 


DATA BUS 


CDP1878C 


TACL, TBCL 


GATE 
INPUTS 
TBG 
TAO 
TAO 
a TIMER 
OUTPUTS 
cs TBO 
Vop lO/MEM 


INT INT 
COUNTER - TIMER 
CDP1802 DBO - DB7 


PERIPHERALS 


4 DATA LATCHED 


>| 
\ VALID DATA 


FIGURE 12. CDP1800-SERIES INPUT/OUTPUT-MAPPING TIMING WAVEFORMS WITH OUTPUT INSTRUCTION 


TPA 


TPB/WR 


N LINES 


DATA FROM 
COUNTER-TIMER 
TO MEMORY 


| i OUTPUT DRIVERS ENABLED 


of 


sie OUTPUT DRIVERS 
DISABLED 
VALID DATA 


FIGURE 13. CDP1800-SERIES INPUT/OUTPUT-MAPPING TIMING WAVEFORMS WITH INPUT INSTRUCTION 
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Dynamic Electrical Specifications at T, = -40 to +85°C, Vpp = 5V + 5%, Input ta, te = 10ns, C, = 50pF and 1 TTL Load 


(NOTE 1) (NOTE 2) 
PARAMETER SYMBOL MIN TYP UNITS 


READ CYCLE TIMES (See Figure 14) 


oe ee ae ee 
2 ee ee ee 
i ee ee ee 
oe a ee ee 
ee ee ee ee 


NOTES: 
1. Time required be a limit device to allow for the indicated function. 
2. Typical values are for Ta = 25°C and nominal Vpp. 


TPA 


tRH 


DATA TO CPU 


toa ——=—— ton 


FIGURE 14. READ CYCLE TIMING WAVEFORMS 
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Dynamic Electrical Specifications at Ts = -40 to +85°C, Vpp = 5V + 5%, Input ta, tz = 10ns, C, = 50pF and 1 TTL Load 


(NOTE 1) (NOTE 2) 
PARAMETER SYMBOL MIN TYP UNITS 


WRITE CYCLE TIMES (See Figure 15) 


a 
a 


1. Time required by a limit device to allow for the indicated function. 
2. Typical values are for Ta = 25°C and nominal Vpp. 


TPA 
tes |<——_- —< tay 
—<— tas <——— twR ——— 
WRITE 


DATA TO COUNTER-TIMER ( |) 


=— tps — >| twH =~ 


FIGURE 15. WRITE CYCLE TIMING WAVEFORMS 
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CMOS Real-Time Clock 


FARRIS 


SEMICONDUCTOR 


uD 


March 1997 


Features 
¢ CPU Interface for Use with General-Purpose 
Microprocessors 
Time Of Day/Calendar 
Reads Seconds, Minutes, Hours 
Reads Day of Month and Month 


Alarm Circuit With Seconds, Minutes or Hours 
Operation 


Power Down Mode 

Separate Clock Output Selects 1 of 15 Square Wave 
Signals 

Interrupt Output Activated By Clock Output and/or 
Alarm Circuit 

Date Integrity Sampling for Clock Rollover Eliminated 
On-Board Oscillator: 


- Crystal Operation CDP1879 at 10V 4.19MHz, 
2.09MHz or 1.048MHz 


- Crystal Operation CDP1879C-1 at 5V 4.19MHz, 
2.09MHz or 1.048MHz or 32kHz 


- External Clock Operation at 10V or 5V.... 4.19MHz, 
2.09MHz, 1.048MHz or 32kHz 


Addressable in Memory Space or CDP1800 Series I/O 
Mode 


Low Standby (Timekeeping) Voltage with External Clock 
Related Literature 


- AN7275, Guide to the Use of CD1879 and 
CDP1879C1 Real Time Clock 


Pinout 


CDP1879, CDP1879C-1 (PDIP, SBDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


Description 


The CDP1879 real-time clock supplies time and calendar information 
from seconds to months in BCD format. It consists of 5 separately 
addressable and programmable counters that divide down an oscillator 
input. The clock input can have any one of 4 possible frequencies, 
allowing flexibility in the choice of crystal or external clock sources. 
Using an external 32kHz clock source, timekeeping can be performed 
down to 2.5V (see Standby (Timekeeping) Voltage Operation). 

The device can be memory-mapped for use with any general-purpose 
microprocessor and has the additional capability of operating in the 
CDP1800 series input/output mode. 

The real-time clock functions as a time-of-day/calendar with an alarm 
capability that can be set for combinations of seconds, minutes or 
hours. Alarm time is configured by loading alarm latches that activate 
an interrupt output through a comparator when the counter and alarm 
latch values are equal. 

Fifteen selectable square-wave signals are available as a separate 
clock output signal and can also activate the interrupt output. A status 
register is available to indicate the interrupt source. The value in an 8 bit 
control register determines the operational characteristics of the device, 
by selecting the prescaler divisor and the clock output, and controls the 
load and alarm functions. 

A transparent “freeze” circuit preclude clock rollover during counter and 
latch access times to assure stable and accurate values in the counters 
and alarm latches. 

The CDP1879 is functionally identical to the CDP1879C-1. The 
CDP1879 has a recommended operating voltage range of 4V to 10.5V, 
and the CDP1879C-1 has a recommended operating voltage range of 
4V to 6.5V. The CDP1879 and the CDP1879C-1 are supplied in 24 lead 
hermetic dual-in-line side-brazed ceramic packages (D suffix) and 24 
lead dual-in-line plastic packages (E suffix). 


Ordering Information 


TEMP 

RANGE 5V 10V 

-40°C to | CDP1879CE1 CDP1879E |E24.6 
+85°C 


SBDIP -40°Cto |CDP1879CD1 | - [D246 | 
Burn-in | *85°C [eppie7scDix[ - ‘(| D246_ 


CDP1879 Modes of Operation 


Read 1. Seconds, minutes, hours, date and month counters 
2. Status register to identify interrupt source 

Write 1. Control register to set device operation 
2. Seconds, minutes, hours, date and month counters 
3. Alarm latches for alarm time 


Power Down }1. Three-state interrupt output with active alarm or 
clock out circuitry for wake-up control 
2. Data bus and address inputs are “DON’T CARE” 


1. Clock out as source 

2. Alarm time as source 

3. Either interrupt can occur during normal or power 
down mode 


File Number 
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Absolute Maximum Ratings 


DC Supply Voltage Range, Vpp 
(Voltage referenced to Vsg Terminal) 


PIGS cima ees vaweaeserearad ence nrnnre bs -0.5V to +11V 
COP UBIO ls ccs ocea cece ren eeeen wigan deus -0.5V to +7V 
Input Voltage Range, All Inputs .............. -0.5 to Vpp +0.5V 
DC Input Current, Any One Input...................0.. +10mA 
Device Dissipation Per Output Transistor................ 40mW 


For Ta = Full Package Temperature Range 
(All Package Types) 


Thermal Information 


Thermal Resistance (Typical) Oya (CCIW) 8jc (°C/W) 


Par POCKAUS caccsckk os een pediun 60 N/A 

SODIP PECKAGS..2cccnscvavenenes 50 12 
Operating Temperature Range (T,) 

Package Type D,H ................0 0c cues -55°C to +125°C 

PACKADG TVPG EB. iaccccsscensaxesagevssvaes -40°C to +85°C 
Storage Temperature Range (TsTG)...........- -65°C to +150°C 
Lead Temperature (During Soldering).................. +265°C 


At Distance 1/16 +1/32 in. (1.59 + 0.79mm) From Case for 10s Max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions at T, = Full Package-Temperature Range, Unless Otherwise specified. For maximum reliability, operating con- 
ditions should be selected so that operation Is always within the following ranges: 


LIMITS 


CDP1879 CDPI879C-1 


PARAMETER 


ee ee ee ee 


Input Voltage Range 


DC Standby (Timekeeping) Voltage (Note 1), Vstpy 
Ta = -40°C to +85°C (Note 2) 


Ta = 0° to +70°C 


Clock Input Rise or Fall Time, 
Vpp = 5V 


tm, 


NOTES: 


ps {| |.]- [. 
2 ee oe ee 
Pere 
re ee a ee 


1. Timekeeping function only, no READ/WRITE accesses, 32kHz external frequency source only, no crystal operation. 


2. See Standby (Timekeeping) Voltage Operation. 
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AM -PM CALENDAR 
AND LOGIC 
HOUR LOGIC 
XTAL 
XTAL |CSCILLATOR|->} PRESCALE } 
PRESCALE | CLOCK 
SELECT | SELECT 


CONTROL 


REGISTER 
CLOCK OUT . = 
> NT CLOCK AND COMPARATOR 
RESET INT. LOGIC 
a SECOND z MINUTE L HOUR 
DD LATCH LATCH LATCH 
Spence meen 
Vss 
INT. STATUS 
REGISTER 
DBO-DB7 wretbace 


ADDRESS DECODE 
AND 
CONTROL LOGIC : 


FIGURE 1. REAL-TIME CLOCK FUNCTIONAL DIAGRAM 
TABLE 1. TABLE 2. 


CONTROL REGISTER BIT ASSIGNMENT ADDRESSES i a ae 


Bit 1,0 


Frequency 00 
Select 01 

10 

11 


Bit 2 
Start/Stop 


Bit 3 


Counter/Latch Control 


32768Hz 

1.048576MHz 
2.097152MHz 
4.194304MHz 


1 = Start 
0 = Stop 


“0” = Write to Counter and disable alarm 
“1” = Write to and enable alarm Clock Select 


Bit 7, 6, 5,4 
0000 - disables 
0001 - 488.2us 
0010 - 976.5us 
0011 - 1953. 11s 
0100 - 3906.2ys 
0101 - 7812.5us 
0110 - 15.625ms 
0111 - 31.25ms 


1000 - 62.5ms 
1001 - 125ms 
1010 - 250ms 
1011 - 500ms 
1100 - sec. 
1101 - min. 
1110 - hour 
1111 - day 


cr Comerseomae [0 [+ > 
tar Comerninwes [ef 1 | 1 
tae Comerroe [1 [ef 
a 
A A 


a 


MSB of Hours Counters (Bit 7) is an AM-PM Bit. 0 = AM; 1 = PM 
Bit 6 of Hours Counter Controls 12/24 hr. 1 = 12 Hr: 0 = 24 Hr. 


Status Register: Bit 7 MSB = Alarm 
Interrupt Source: Bit 6 = Clock. 


MSB of Month Counter (Bit 7) is a Leap Year Bit 0 = No, 1 = Yes. 
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Static Electrical Specifications at T, -40°C to +85°C Vpp + 5%, Unless Otherwise Specified 
|} CONDITIONS LIMITS 


CDP1879 CDPI1879C-1 
Vo VIN Vpp (NOTE 1) (NOTE 1) 
PARAMETER (V) (V) TYP UNITS 


ee A aE 
Output Low Drive (Sink) 1.8 
Current, Data Bus and INT Io, beter ta ae 


<4 
E 


High Level 
(Note 2) 


Input Low Voltage 0.5, 4.5 
0.5, 9.5 
Input High Voltage 0.5, 4.5 
0.5, 9.5 


0, 10 


Output High Drive (Source) | 46 1 05 | 5 | 44 -2.3 2.3 
Current, Data Bus and INT Ioy 95 | 010 | 10 | 

Output Low Drive (Sink) oa] 0s | 8 4 
alicia Se ee 

Output High Drive (Source) | 46 | 0,5 | -2. 2.3 
Current, Clock Out IOH 95 | 0,10 

Output Low Drive (Sink) | 04 | 0,5 | 2 

Current, XTAL Out [05 | 0,10 | 

Output High Drive (Source) ae 05 -0.15 1 

Current, XTAL Out [95 | 010 03 

Output Voltage | = 6 | 05 | 0.1 
a ee 

Output Voltage ; = | OS | 4.9 


oO 
CMOS 
PERIPHERALS 


i , dS} Jol ,| + i 

on on —_ — 

oO ' = ' 
Oo 


Input Leakage Current Any 
Input 


Three-State Output 


Leakage Current louT [0,10 | 0 


~) 
Ny 


External Clock 32kHz 0.15 0.01 0.15 


Operating Current (Note 3) 


External Clock 1MHz 


i) 


—i ph 
ro) Ala 


35 0.35 


0.7 


External Clock 2MHz 1.5 
External Clock 4MHz 
External Clock 32kHz 
External Clock 1MHz 


External Clock 2MHz 


aia 
Ls 
ae 
2 
ae 
eee 
Ls 
External Clock 4MHz L = 4 
Lo 
La 
— 
a 
Lo 
a 
=a 


rh 


0.03 0.25 


_ = =k 
oFoW 


0.25 0.1 


0.3 


XTAL Oscillator (Note 4) 32kHz 0.25 
XTAL Oscillator (Note 4) 1MHz 
XTAL Oscillator (Note 4) 2MHz 
XTAL Oscillator (Note 4) 4MHz 
XTAL Oscillator (Note 4) 1MHz 
XTAL Oscillator (Note 4) 2MHz 


XTAL Oscillator (Note 4) 4MHz 


= 


oO} 
NY] o 


—_F —- 

fool Ion) 
=) & 
on on 
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Static Electrical Specifications at Ts -40°C to +85°C Vpp + 5%, Unless Otherwise Specified (Continued) 
CONDITIONS LIMITS 


CDP1879 CDPI879C-1 


(NOTE 1) 
TYP 


(NOTE 1) 


PARAMETER TYP 


Input Capacitance 


Maximum Clock Rise 
and Fall Times 


eee | 
a 

acae KN 
a ie 


ee 
a a ee ae 
ae ee es oe 
a ee a 
NOTES: 

1. Typical values are for Ta = 25°C and nominal Vpp. 


2. loc = !on = 1HA. 
3. Operating current measured with clockout = 488.2us and no load. 
4. See Table 3 and Figure 6 for oscillator circuit information. 


Programming Model 
WRITE AND READ REGISTERS WRITE ONLY REGISTERS 


BCD FORMAT DB 


7 DBO 
EAE eRIRAEAERES ES 


CONTROL REGISTER 


TENS 0-5 


SECONDS COUNTER (00-59) 


DBO-DB1 - FREQUENCY SELECT 
DB2 - START/STOP 

DB3 - COUNTER/ALARM LATCH CONTROL 
DB4-DB7 - CLOCK OUTPUT SELECT 


TENS 0-5 
DB7 DBO 


MINUTES COUNTER (00-59) 


TENS 0-5 


SECONDS ALARM LATCH (00-59) 


DB7 DBO 


HOURS COUNTER (01 - 12 OR 00-23) 
DB7 0=AM, 1=PM 
DB6 0=24 HR, 1=12 HR 


TENS 0-5 


MINUTES ALARM LATCH (00-59) 


DB7 #@DB6 DBO 


|e TENS 0-2 


HOURS ALARM LATCH (01-12 OR 00-23 
12 HR, DB7=0 AM, 1=PM 
24 HR, DB7=X 


TENS 0-3 


DAY OF MONTH COUNTER 
(01-28, 29, 30, 31) 


READ ONLY REGISTER 


JAN=1 DEC=12) 
B7 0=NO LEAP YEAR 
1=LEAP YEAR 


DB7 DB6 DBO 


INTERRUPT STATUS REGISTER 
DB7=1 ALARM CIRCUIT ACTIVATED INT. 
DB6=1 CLOCK OUTPUT ACTIVATED INT. 
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REGISTER TRUTH TABLE 


General Operation 


The real-time clock contains seconds, minutes, and hours, 
date and month counters that hold time of day/calendar 
information (see Figure 2). The frequency of an intrinsic 
oscillator is divided down to supply a once-a-second signal 
to the counter series string. The counters are separately 
addressable and can be written to or read from. 


The real-time clock contains seconds, minutes and hour 
write-only alarm latches that store the alarm time (see Fig- 
ure 3). When the value of the alarm latches and counters are 
equal, the interrupt output is activated. The interrupt output 
can also be activated by a clock output transition. The clock 
output is derived from the prescaler and counters and can 
be one of 15 square-wave signals. The value in the read- 
only interrupt status register identifies the interrupt source. 


ADDRESS ACTIVE SIGNAL 


BIT 3 CONTROL 
REGISTER 


REGISTER OPERATION 


Operational control of the real-time clock is determined by 
the byte in a write-only control register. The 8-bit value in this 
register determines the correct divisor for the prescaler, a 
data direction and alarm enable bit, clock output select, and 
start/stop control (see Figure 4). 


Data transfer and addressing are accomplished in two 
modes of operation, memory mapping and I/O mapping 
using the CDP1800-series microprocessors. The mode is 
selected by the level on an input pin. (IO/MEM). Memory 
mapping implies use of the address lines as chip selects and 
address inputs during linear selection or partial or full decod- 
ing methods. I/O mapping with the CDP1800-series micro- 
processors involves use of the N line outputs in conjunction 
with input and output instructions to transfer data to and from 
memory. 
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FREEZE af CALENDAR 
CIRCUIT HOUR LOGIC LOGIC 
: OXTAL : a if : 
= : TAL OSCILLATOR =>] PRESCALE SECOND MINUTE DAY MONTH 


oe ee OE ee ee _ 
: Is es i at Mees 
PRESCALE | CLOCK 
SELECT SELECT 
Rec EETONASI 
CLOCK OUT 
, INT. LOGIC COMPARATOR 
_ RESET 
Vv SECOND a MINUTE z HOUR 
DD LATCH LATCH LATCH 
o———. 
Vss 
_ 
INT. STATUS 
REGISTER 


Me) 
INTERFACE [mma 
DBO-DB7 


ADDRESS DECODE 
AND 
CONTROL LOGIC 


cS 
__POWER DOWN 


FIGURE 2. FUNCTIONAL DIAGRAM - TIME COUNTERS HIGHLIGHTED 
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XTAL 
XTAL OSCILLATOR PRESCALE : 
PRESCALE § CLOCK 
SELECT SELECT 


CONTROL 

CLOCK OUT REGISTER 
JUL « INT CLOCK AND 
— INT. LOGIC 


Vpp 
ee 
Vss 
—— 
INT. STATUS 


REGISTER 


vO 
INTERFACE 
DBO-DB7 


ADDRESS DECODE 
AND 
CONTROL LOGIC 


AM - PM 
Sn 
HOUR LOGIC 


of COMPARATOR 


SECOND 1 MINUTE | HOUR 


LATCH LATCH j LATCH 


FIGURE 3. FUNCTIONAL DIAGRAM - ALARM CIRCUIT, CLOCK OUTPUT, INTERRUPT, AND STATUS REGISTERS HIGHLIGHTED 


Operational Sequence 


Power is applied and the real-time clock is reset. This sets 
the interrupt output pin high. After the CS pin is set high and 
with address 7 on the address input lines, the control register 
is loaded via the data bus to configure the clock. 


With selective addressing, the seconds through month 
counters are then written to and loaded to set the current time. 
The real-time clock will now hold the current “wall clock” time, 
with an accuracy determined by the crystal or external clock 
used. If the alarm function is desired, the control register is 
accessed and loaded again. This new byte will allow subse- 
quent time data to be entered into the seconds, minutes and 
hours alarm latches. This sequence is also used when select- 
ing one of the 15 available clock-out signals. 


If the alarm function was selected, the interrupt output pin 
will be set low when the values in the seconds, minutes and 
hour alarm latches match those in the seconds, minutes and 
hour counters. 


If one of the 15 sub second-to-day clock outputs is selected 
by the byte in the control register, the clock output pin tog- 
gles at that frequency (50% duty cycle) The interrupt output 
will also be set low on the first clock out negative transition. 
The interrupt source (alarm or clock out) can be determined 
by reading the interrupt status register. The clock output can 
be deselected by placing zero in the upper nibble of the con- 
trol register if the alarm function is selected as the only inter- 
rupt source. 


Counters 


The counter section consists of an on-board oscillator, a 
prescaler and 5 counters that hold the time of day/calendar 
information (see Figure 2). 


1 of 4 possible external crystals determine the frequency of the 
on-board oscillator (32,768Hz, 1.048576MHz, 2.097152MHz, 
4.194304MHz). The oscillator output is divided down by a pres- 
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caler that supplies a once-a-second pulse to the counters. The 
seconds counter divide the pulse by 60 and its output clocks 
the minute counter every 60 seconds Further division by the 
minutes, hours, day of month and month counters result in 5 
counters holding data that reflect the time/calendar from sec- 
onds to months. The counters are addressed separately and 
BCD data is transferred to and from via the data bus. The most 
significant bit of the hours counter (Bit 7) is user programmed to 


XTAL 
XTAL OSCILLATOR PRESCALE ; 
PRESCALE | CLOCK 
SELECT SELECT 


CONTROL 


REGISTER 
CLOCK OUT an 


~ INT CLOCK AND 
: INT. LOGIC 


REGISTER 


vO — 
INTERFACE 
DBO-DB7 


ADDRESS DECODE 
AND 
CONTROL LOGIC 


indicate AM or PM and will be inverted every 12th hour. (O=AM, 
1=PM). Bit 6 of the hours counter is user programmed to 
enable the hours counter for 12 or 24 hour operation. 
(0=24,1=12). If 24-hour operation is selected, the AM-PM bit is 
“don't care”, but still toggles every 12th hour. Writing to the sec- 
onds counter resets the last 7 stages of the prescaler, allowing 
time accuracy to approximately 1/100 of a second. 


AM - PM 
mie e| | mse 
HOUR LOGIC 


COMPARATOR 


SECOND z MINUTE gE HOUR 
LATCH : LATCH i LATCH 


FIGURE 4. FUNCTIONAL DIAGRAM - CONTROL REGISTER HIGHLIGHTED 


The most significant bit of the month counter is a Leap Year 
bit. If it is set to “1”, the counter will count to February 29, 
then roll to March 1. If set to “O” it will go to March 1st after 
February 28th. 


Alarm And Interrupt Status Register 


The alarm circuit consists of 1) seconds, minutes and hour 
alarm latches that hold the alarm time, 2) the outputs of the 
seconds, minutes and hour counters, and 3) a comparator 
that drives an interrupt output. The comparator senses the 
counter and alarm latch values and activates the interrupt 
output (active low) when they are equal (See Figure 3). 


The write-only alarm latches have the same addresses as 
their comparable counters. Bit 3 in the control register deter- 
mines data direction to the latches or counters and alarm 
enabling. For example, during a write cycle, if bit-3 in the 
control register is a “1”, addressing the seconds counter or 
alarm latch will load the seconds alarm latch from the data 
bus and will enable the alarm function. Conversely, if bit-3 in 
the control register is a “O”, addressing the seconds counter 
or alarm latch during a write cycle will place the value on the 
data bus into the seconds counter and will disable the alarm 
function. The interrupt output can be activated by the alarm 
circuit or the clock output. When an interrupt occurs, the 
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upper two bits of the interrupt status register identify the 
interrupt source. The interrupt status register has the same 
address as the control register. Addressing the interrupt sta- 
tus register with the RD line active will place these register 
bits on the data bus. Bits 0-5 are held low. A “1” in bit-6 rep- 
resents a clock output transition as the interrupt source. A 
“1” in bit-7 will identify the alarm circuit as the interrupt 
SOUICEe. 


Activating the reset pin (active low) resets the hour latch to 
“30” which prevents a match between alarm and time regis- 
ters during an initialization procedure. Activating the reset 
pin or writing to the control register resets the interrupt out- 
put (high) and clears the interrupt status register 


Clock Output 


One of 15 counter and prescaler overflows can be selected 
as a 50% duty cycle output signal that is available at the 
“clock out” pin. The frequency is selected by the upper nibble 
in the control register. For example, selecting a one-second 
clock output will result in a repetitive signal that will be high 
for 500ms and low for the same period. The high-to-low tran- 
sition of the output signal will set the clock bit in the status 
register and activate the interrupt output. The level of the 
“clock out” signal is derived from the value in the counter. 
Example - if hours clock is selected and the minutes counter 
holds 4 minutes, the clock out will be low for 26 minutes and 
high for 30 minutes Thereafter, the clock out will toggle at a 
50% duty cycle rate (see Table 1 and Figure 3). 


CONTROL REGISTER (SEE TABLE 1 AND FIGURE 4) 
BIT 


BIT 
RARE ESESERES ESS 


CONTROL REGISTER BYTE 

The 8-bit value in the control register determines the follow- 

ing: 

1. Bit 0 and 1 - Frequency Select - Since there are one of 4 
possible crystals the oscillator in the real-time clock can 
operate with, these bit levels determine the prescaler divi- 
sor so that an accurate one second pulse is supplied to 
the counter series string. 


BIT 1 BIT O FREQUENCY 
0 0 32,768Hz 
0 1 1.048576MHz 
1 0 2.097152MHz 
1 1 4.194304MHz 


2. Bit 2 - Start-Stop Control - Counter enabling is controlled 
by the value at this location. A “1” will allow the counters 
to function and a “O” in this location will disable the 
counters. 


3 Bit 3 - Counter/Latch Control - The level at this location 
controls two functions. It is required since the counters 
and alarm latches have the same addresses. 


1) A “O” in bit-3 will direct subsequent data to or from 
the counter selected and the alarm function will be 
disabled. 


2) A “1” in bit-3 will direct subsequent data to or from 
the alarm latch and will enable the alarm. 


4. Bits 4 to 7 - Clock Select - These bits select one of 15 
square-wave signals that will be present at the “clock- 
out” pin. If bit-4 to bit-7 are zero's, the clock output pin will 
be high. If a clock is selected, the first high-to-low clock 
out transition will activate the interrupt pin (active low) and 
place a “1” in bit-6 of the status register. Writing to the 
control register or activating the reset pin will set the inter- 
rupt pin high and reset the interrupt status register. 


Normal operation requires the control register to be written 
to and loaded first with a control word. However, subsequent 
writing to a counter if a “clock out” is selected may cause an 
interrupt out signal. Therefore, “clock-out” should be dese- 
lected by writing zero's into bit-4 through bit-7 if the interrupt 
is used. When the counters are loaded, the control register 
is again written to with the value in the upper nibble selecting 
the “clock out” signal. See Table 1. 


Read And Write Signals 


When the IO/MEM pin is low, the real-time clock is enabled 
for memory mapped operation. Data on the bus is placed in, 
or read from a counter, alarm latch or register by 1) placing 
the CS pin high, 2) selective addressing, 3) placing the 
TPB/WR pin low during a write cycle with the RD pin high or 
4) setting the RD pin low during a read cycle with this 
TPB/WR pin high. 


The I/O mapping mode used with the CDP1800 series 
microprocessor is selected by setting the |O/MEM pin high. 
The TPB/WR pin on the real-time clock is connected to the 
TPB output pin of the microprocessor. Data on that bus is 
written to or read from the counters, latches and registers by 
1) placing the CS pin high, 2) selective addressing utilizing 
the microprocessor N lines and I/O instructions, 3) placing 
the TPB/WR pin high with the RD pin low during an output or 
write operation (data is latched on TPB's trailing edge), 4) 
setting the RD line high during an input or read operation. 
Data is placed on the bus by the real-time clock between the 
trailing edges of TPA and TPB. 


Freeze Circuit 


Since writing to or reading from the counters or alarm 
latches is performed asynchronously, the once-a-second 
signal from the prescaler may pulse the counter series string 
during these operations. This can result in erroneous data. 
To avoid this occurring, a transparent “freeze” circuit’ is incor- 
porated into the real-time clock. This circuit is designed to 
trap and hold the one-second input clock transition if it 
occurs during access times. When the operations are com- 
pleted, it is inserted into the counter series string. To utilize 
the “freeze” circuit, address “1” (AO = 1, A1 = 0, A2 = 0) is 
selected first while performing a write operation. Read or 
write accesses may now be performed with assurance the 
data is stable. All operations must be concluded within 
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250ms of the address “1” access. In memory mapping any 
dummy write operation after selecting address “1” will set the 
“freeze” circuit. If using the I/O mode, a 61 output instruction 
will perform the same function. There is no time restriction 
on subsequent accesses as long as the read or write opera- 
tions are preceded by selecting address “1”. 


Power Down 


Power down operation is initiated with a low signal on the 
"POWER DOWN” input pin. In conjunction with the interrupt 
output, it is used to supply external control circuits with a 3 
level control signal. The operating current is not appreciably 
reduced during “POWER DOWN” operation. When power 
down is initiated, any inputs on the address or data bus are 
ignored. The clock output is set low. The interrupt output is 
three-stated. If enabled previously, the alarm circuitry is 
active and will set the interrupt output pin low when alarm 
time occurs. The interrupt output will also go low if a clock 
was selected and an internal high-to-low transition occurs 
during power down. The clock output pin will remain low. If 
power down is initiated in the middle of a read or write 
sequence, it will not become activated until the read or write 
cycle is completed. 


Pin Functions 
Vpp: Vss - Power and ground for device. 


DBO - DB7 - DATA BUS - 8-bit bidirectional bus that trans- 
fers BCD data to and from the counters, latches and regis- 
ters. 


AO, A1, A2 - Address inputs that select a counter, latch or 
register to read from or write to. 


TPA - Strobe input used to latch the value on the chip select 
pin. CS is latched on the trailing edge of TPA. During mem- 
ory mapping, it is used to latch the high order address bit 
used for the chip select. When the real-time clock is used 
with other microprocessors, or when the high order address 
of the CDP1800 series microprocessor is externally latched, 
it is connected to Vpp. In the input/output mode, it is used to 
gate the N lines. 


1IO/MEM - Tied low during memory mapping and high when 
the input/output mode of the CDP1800 series microproces- 
sor is used. 


RD, TPB/WR - Direction Signals - Active signals that deter- 
mine data direction flow. In the memory mapped mode, data 
is placed on the bus from the counters or status register 
when RD pin is active. 


Data is transferred to a counter, latch or the control register 
when RD is high and TPB/WR is active and latched on the 
trailing edge (low to high) of the TPB/WR signal. 


In the input/output mode, data is placed on the bus from a 
counter or status register when RD is not active between the 
trailing edges of TPA and TPB. Data on the bus is written to a 
counter, latch, or the control register during TPB when RD is 
active and latched on TPB's trailing edge. The following con- 
nections are required between the microprocessor and real- 
time clock in the CDP1800 series I/O mode. 


Microprocessor Real-Time Clock 


Ee ccgrasunsaeluxesavacentenedspnner RD 
WG oo. Was sacancwensncnaiasverssesases TPB/WR 

TER ccacicayscnsindacagnsapachadeunsts TPA 

NLINES. 0.0.0.0... cece cece cece eens ADDRESS LINES 
IOMEM . 0... e cece cece cece Vop 


CS - CHIP SELECT - Used to enable or disable the inputs 
and outputs. TPA is used to strobe and latch a positive level 
on this pin to enable the device. 


XTAL AND XTAL - The frequency of the internal oscillator is 
determined by the value of the crystal connected to these 
pins. “XTAL’ may be driven directly by an external frequency 
source. 


Clock Out - 1 of 15 square wave frequencies will appear at 
this pin when selected. During power down, this pin will be 
placed low, and will be high during normal operation when 
the clock is deselected. 


Power Down - Power Down Control - A low on this pin will 
place the device in the power down mode. 


INT - Interrupt Output - A low on this pin indicates an active 
alarm time or high-to-low transition of the “clock out” signal. 


RESET - A low on this pin clears the status register and 
places the interrupt output pin high. 


Frequency Input Requirements 


The Real-Time Clock operates with the following frequency 
input sources: 


1. An external crystal that is used with the on-board oscilla- 
tor. The oscillator is biased by a large feedback resistor 
and oscillates at the crystal frequency (see Figure 6, 
Table 3). 


2. An external frequency input that is supplied at the XTAL 
input. XTAL is left open (see Figure 5). A typical external 
oscillator circuit is shown in Figure 7 in section, “Standby 
(Timekeeping) Voltage Operation’. 
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TABLE 3. TYPICAL OSCILLATOR CIRCUIT PARAMETERS FOR SUGGESTED OSCILLATOR CIRCUIT, SEE FIGURE 6 


NOTE: CDP1879C-1 only. 


Design Considerations for Stable Crystal Oscillation 


1. 


Stray capacitances should be minimized for best oscilla- 
tor performance. Circuit board traces should be kept to a 
maximum of 1 inch, and there should be no parallel 
traces. 


. A signal line or power source line must not cross or go 


near the oscillator circuit line. 


. It is advisable to put a 0.1p.F capacitor between Vpp and 


Vss of the CDP 1879. 


CDP1879 


XTAL | PIN 23 EXTERNAL 


FREQUENCY 
SOURCE 


FIGURE 5. CONNECTIONS FOR AN EXTERNAL FREQUENCY 
SOURCE APPLIED TO REAL-TIME CLOCK 


PARAMETER 4.197MHz 2.097MHz | 1.049MHz 32768Hz (NOTE) UNITS 
A 
AN ESO ANOS MESA HD 

Crystal Impedance 


PARALLEL 
RESONANT 
CRYSTAL 


FIGURE 6. SUGGESTED OSCILLATOR CIRCUIT APPLIED TO 
REAL-TIME CLOCK (SEE TABLE 3) 


Standby (Timekeeping) Voltage Operation 


When any one of the four specified crystals is used with the 
on-board oscillator, the Real-Time Clock can operate at a 
minimum of 4V Vpp. However, at 32kHz the clock will run 
(timekeeping only, no device READ/WRITE accesses) down 
to 3V at -40°C to +85°C and 2.5V at 0° to +70°C. 


To achieve this low voltage operation, an external 32kHz clock 
source must be supplied at the XTAL input (see Figure 7). The 
standby requirements for CHIP SELECT/DESELECT are 
listed in Table 4, and Figure 8 indicates the timing waveforms. 
Figure 9 illustrates the typical timekeeping curve over the full 
temperature range. 


+3V 


1/3 CD54/74HC04 CDP1879 


FIGURE 7. TYPICAL EXTERNAL CLOCK-SOURCE CIRCUIT 
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STANDBY (TIMEKEEPING) CHARACTERISTICS AT FULL TEMPERATURE RANGE 


Chip Deselect to Standby 
(Timekeeping) Voltage Time 


tCSTBY 


STANDBY 
VOLTAGE MODE 


0.95 Vpp 0.95 Vpp 
Y 


NOTE: 
1. tr, te => Ips 


FIGURE 8. STANDBY (TIMEKEEPING) VOLTAGE AND TIMING 
WAVEFORMS 


Applications 


A typical application for this real-time clock is as a wake-up 
control to a CPU to reduce total system power in intermit- 
tent-use systems. A hookup diagram illustrating this feature 
is shown in Figure 10. In this configuration, the alarm and 
power-down features of the CDP1879 are utilized in the con- 
trol of the sleep and wake-up states of the CPU. A typical 
shut-down/start-up sequence for this system could proceed 
as follows: 


1. The CPU has finished a current task and will be inactive 
for the next six hours. 


2. The CPU loads the CDP1879 alarm registers with the 
desired wake-up time. 


3. The CDP1800 Q output is set high, which stops the CPU 
oscillator (as an alternative, in an NMOS system, power 
to all components except the clock chip could be shut off). 
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Recovery to Normal 
Operation Time 


po LIMITS 


EXTERNAL CLOCK SOURCE OF 32kHz 
TYPICAL STANDBY. AU IMEKEEPING) VOLTAGE 
3V (-40°C < T < +85°C) 


2.5V (-0°C < T < +70°C 
~ § 
all 
Ww 
g 
= 4 
2 
ZO 3 
o + 
W > 
ig & 2 
=> 
x 
a 
Q 
=. 
< 
- *% 
40-20 0 20 40 60 80 100 


FULL TEMPERATURE RANGE - °C 
FIGURE 9. TYPICAL STANDBY (TIMEKEEPING) VOLTAGE vs 
FULL TEMPERATURE RANGE 


. This Q output signal is received by the CDP1879 as a 


power-down signal. 


. The CDP1879 three-states the interrupt output pin. 


. The CDP1879 eventually times out, and sets an alarm by 


driving the INT output low. 


. The alarm signal resets the CPU (to avoid oscillator start- 


up problems) and flags the processor for a warm-start 
routine. 


. The CPU, once into its normal software sequence, writes 


to the CDP1879 control register to reset the interrupt 
request. 


CDP1879, CDP1879C-1 


CDP1879 
CDP1800 


FIGURE 10. CPU WAKE-UP CIRCUIT USING THE CDP1879 REAL-TIME CLOCK 


CMOS 
PERIPHERALS 


ADDRESS 
LINES 


1O/ME 


CDP1879 
MEMORY DBO - DB7 


DATA BUS 


FIGURE 11. TYPICAL CDP1802 MEMORY MAPPED SYSTEM 
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LATCH HIGH-ORDER 
TPA | v ADDRESS FOR CS 
ADDRESS HIGH BYTE LOW BYTE 


TPB/WR ; DATA LATCHED 


DATA FROM CPU 
TO REAL TIME CLOCK VALID DATA 


FIGURE 12. CDP1800 SERIES MEMORY MAPPED WRITE CYCLE TIMING WAVEFORMS 


ADDRESS HIGH BYTE LOW BYTE 


OUTPUT DRIVERS 


RD allan sietaimnies, 


DATA FROM 


REAL TIME CLOCK A//) VALID DATA 
TO CPU o 


FIGURE 13. CDP1800 SERIES MEMORY MAPPED READ CYCLE TIMING WAVEFORMS 


rm 
E 
>| D 


o 


ADDRESS 
LINES 


NR — 


CDP1879 
MEMORY CDP1802 DBO - DB7 


FIGURE 14. TYPICAL CDP1802 INPUT/OUTPUT MAPPED SYSTEM 
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N LINES 


TPB/WR DATA LATCHED 


DATA FROM MEMORY 7 
TO REAL-TIME CLOCK Y VALID DATA 


FIGURE 15. CDP1800 SERIES INPUT/OUTPUT MAPPING TIMING WAVEFORMS WITH OUTPUT INSTRUCTION 


TPA | =< OUTPUT DRIVERS ENABLED 


RD | 
ae ___ OUTPUT DRIVERS 
TPB/WR DISABLED 


N LINES | | 
DATA FROM 
REAL-TIME CLOCK VALID DATA 
TO MEMORY 


FIGURE 16. CDP1800 SERIES INPUT/OUTPUT MAPPING TIMING WAVEFORMS WITH INPUT INSTRUCTION 


Dynamic Electrical Specifications at T, -40°C to +85°C, Input tp, te = 10ns, C, = 50pF 
LIMITS 


CDP1879 CDP1879C-1 


Vop (NOTE 1) (NOTE 1) 
PARAMETER (V) MIN 


Read Cycle Times (See Figure 17) 
Data Access from Address t 


Read Pulse Width 7 


ae ae 
| to Fe 
oj 8 | 270 
160 a 
Data Access from Read R Lt 
Eee 

H Lee 
a ae 
tb 0 a 
ea 
Chip Select Setup to TPA tts | 5 | 


NOTE: 
1. Time required by a limit device to allow for the indicated function. 
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TPA 
wi—— Tos tRH 
READ 
tor 
tpa — —a— tpn 


FIGURE 17. READ CYCLE TIMING WAVEFORMS 


Dynamic Electrical Specifications at T, -40°C to +85°C, Input tp, te = 10ns, CL = 50 pF 


BMT 
}  CDPI879 eee 
Vpp (NOTE a. (NOTE 1) 
PARAMETER (V) MIN MIN UNITS 


Write Cycle Times (See Figure 18) 


Address Setup to Write tas 5 225 225 
10 110 - 
70 


Data Setup to Write 65 
0 30 


Address Hold after Write 
He 
Data Hold after Write 150 1 
80 
Chip Select Setup to TPA = 50 


30 
NOTE: 
1. Time required by a limit device to allow for the indicated function. 
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ADDRESS/CHIP SELECT 


DATA TO REAL-TIME CLOCK 


CDP1879, CDP1879C-1 


—=— tas = i 


ee tos — >| twH = 


FIGURE 18. WRITE CYCLE TIMING WAVEFORM 
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CMOS 6-Bit Latch 
and Decoder Memory Interfaces 


tt SEMICONDUCTOR 


March 1997 


Features 


Performs Memory Address Latch and Decoder 
Functions Multiplexed or Non-Multiplexed 


Decodes Up to 16K Bytes of Memory 


Interfaces Directly with CDP1800-Series Microproces- 
sors at Maximum Clock Frequency 


Can Replace CDP1866 and CDP1867 (Upward Speed 
and Function Capability) 


Ordering Information 


Por [eorresrce |_| owas [ems 
Por [coriasace || so vas [eves 


PDIP CDP1882CEX -40 to +85 1E18.3 
Burn-In 


sear | _[evreaeo | ~wovas ores 


Pinouts 


CDP1881C 
(PDIP) 
TOP VIEW 


Description 


The CDP1881C, CDP1882 and CDP1882C are CMOS 6-bit 
memory latch and decoder circuits intended for use in 
CDP1800 series microprocessor systems. They can inter- 
face directly with the multiplexed address bus of this system 
at maximum clock frequency, and up to four 4K x 8-bit mem- 
ories to provide a 16K byte memory system. With four 2K x 
8-bit memories an 8K byte system can be decoded. 


The devices are also compatible with non-multiplexed 
address bus microprocessors. By connecting the clock input 
to Vpp, the latches are in the data-following mode and the 
decoded outputs can be used in general purpose memory- 
system applications. 


The CDP1881C, CDP1882 and CDP1882C are intended for 
use with 2K or 4K byte RAMs and are identical except that in 
the CDP1882 MWR and MRD are excluded. 


The CDP1882 is functionally identical to the CDP1882C. It 
differs in that the CDP1882 has recommended operating 
voltage range of 4V to 10.5V and the C version has a recom- 
mended operating voltage range of 4V to 6.5V. 


The CDP1881C, CDP1882 and CDP1882C are supplied in 
20 lead and 18 lead packages, respectively. The 
CDP1881C is supplied only in a dual-in-line plastic pack- 
age (E suffix). The CDP1882 is supplied in dual-in-line, 
hermetic side-brazed ceramic (D suffix) and in plastic (E 
suffix) packages. 


CDP1882, CDP1882C 
(PDIP, CERDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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File Number 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) Byn (CCIW) Byo (CC/W) 
(All Voltages Referenced to Vgg Terminal) 16 L608 POP csc vexcsnree eden 85 N/A 
COP IBES tek saneepee ease eens sarareenen edu -0.5V to +11V 20 Lead PDIP ................05. 80 N/A 
CDPISS1C and COPTES2C, .i si vcdsesenese sas -0.5V to +7V SBDIP Package..............005. 85 22 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Device Dissipation Per Output Transistor 
DC Input Current, Any One TIE 4,066. 0d eumewancetdereeds +10mA Ta = Full Package Temperature Range 
(All POCKBUG TVDGS)s i ocsae asec nesr end vedernianenes 100mW 
Operating Temperature Range (Ta) 
Paso TYG Din ccwrsencndonttoenevesdes -55°C to +125°C 
Package Type E. o si sccccecitwsndesiuesiaee -40°C to +85°C 
Storage Temperature Range (Tsjg)......--+--- -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
froth CaS0 15F 106 MAK. ince ix es asec esas eeaeenane ns +265°C 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CDP1882 CDP1881C, CDP1882C 


Static Electrical Specifications At Ts = -40°C to +85°C, Vpp + 5%, Except as Noted: 


CONDITIONS CDP1882 CDP1881C, CDP1882C 
SYMBOL 


PARAMETER 


V 


PARAMETER 


PERIPHERALS 


Quiescent Device 
Current 


Output Low Drive 
(Sink) Current 


o 
- 


‘ wo 
I) 


Output High Drive 
(Source) Current 


Output Voltage 
Low-Level (Note 2) 


Output Voltage 
High-Level (Note 2) 


oO 


Input Low Voltage 


_ 
oO 


id 
el 


Input High Voltage 
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Static Electrical Specifications At T, = -40°C to +85°C, Vpp + 5%, Except as Noted: (Continued) 


) CONDITIONS CDP1882 CDP1881C, CDP1882C 
in Von (NOTE 1) ners 1) 
PARAMETER SYMBOL . (V) (Vv) TYP UNITS 


input Leakage Cure ico ee eee cscs 


Operating Current 
(Note 2) 


Minimum Data Vop = Vor 
Retention Voltage 
Data Retention Current a Vop = 2.4V = 


NOTES: 
1. Typical values are for T, = +25°C. 
2. lor = lon = 1p A. 
3. Operating current measured at 200kHz for Vpp = 5V and 400kHz for Vpp = 10V, with outputs open circuits (equivalent to typical CDP 1800 
system at 3.2MHz, 5V; and 6.4MHz, 10V). 


a (19) a8 mao (7) = ee G7) as 
mat (6)— > Jes 68) 49 mai (6) > 1 | >—C8) as 
Ie (17) A10 MA2 (5) co le > (15) A10 
(16) A11 MA3 (4) Ie. ag > (14) A11 


© 

V 
= 
Pe 

V 


ma4 (3) Ie -_-_ >—(15) C50 ma4 (3) > --_ > (13) C50 
le op ? He al —p 
uas(@)> aie >) oF ms@TS a et Pe Ors 
9) & >) & 
clock 1)—} > il = ‘ a clock (1)—] > | - ‘ ma 
- : C33 - . cs3 
WFD (8)—4 > > 
MWR (9) Voo = (20) cE(8)-q > Yoo = (18) 
? » Vss = Vss = 
FIGURE 1. FUNCTIONAL DIAGRAM FOR THE CDP1881C FIGURE 2. FUNCTIONAL DIAGRAM FOR THE CDP1882, 


CDP1882C 
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TRUTH TABLE 


INPUTS OUTPUTS 


"awn? | no” | ce | cox | mms | me | oo | or | co | oo 
MWR MRD CE CLK 

a 
a 


INPUTS OUTPUTS 
MAO, MA1, MA2, MA3 A8, A9, A10, A11 
es 


CMOS 
PERIPHERALS 


Logic 1 = High, Logic 0 = Low, X = Don’t Care 


Dynamic Electrical Specifications at T, = -40°C to +85°C, Vpp + 5%, tr, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp, C_ = 100pF, 


(See Figure 1) 
(NOTE 1) | (NOTE 2) 
TYP MAX UNITS 
35 


PARAMETER 
Minimum Setup Time 


Memory Address to CLOCK 


Memory Address After CLOCK 


Minimum CLOCK Pulse Width 


Minimum Hold Time = 


ae oe ce 
(e212) 
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Dynamic Electrical Specifications at T, = -40°C to +85°C, Vpp + 5%, tp, te = 20ns, Viy = 0.7 Vpp, Vi = 0.3 Vpp, Cy = 100pF, 
(See Figure 1) (Continued) 


CDP1882 CDP1881C, CDP1882C 
(NOTE 1) | (NOTE 2) (NOTE 1) | (NOTE 2) 
TYP MAX TYP MAX | UNITS 


“I 
ands 
ou 
oO 


™“ 
on oa 
_ 
oO 
oO 


CLOCK to Chip Select 100 175 


CLOCK to Address 


roy 
Q 
2 
a) 
fo) 
on 


> 
oO 
Ni ~N 


Memory Address to Chip Select 


Ni 
oO 


Memory Address to Address 


NOTES: 
1. Typical values are for Ty = 25°C. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 
3. For CDP1881C type only. 


VALID CHIP ENABLE 


CS0, CS1, CS2, CS3 


(B) MRD OR MWR TO CHIP SELECT PROPAGATION DELAY (CDP1881C ONLY) 


MAO - MAS as ——- 
CLOCK 
tcLcs twacs 
teLet taace 


iibed er 
toLa tMAA 
A8- A11 Gi» 


(C) MEMORY ADDRESS SETUP AND HOLD TIME 


FIGURE 3. TIMING WAVEFORMS 
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Signal Descriptions/Pin Functions 


CLOCK: Latch-Input Control - a high at the clock input will 
allow data to pass through the latch to the output pin. Data is 
latched on the high to low transition of the clock input. This 
input is connected to TPA in CDP1800-series systems. 


MAO - MA3: Address inputs to the high-byte address 
latches. 


MA4 - MAS: High byte address inputs decoded to produce 
chip selects CSO - CS3. 


MRD, MWR: MEMORY READ (MRD) and MEMORY WRITE 
(MWR) signal inputs on the CDP1881C. A low at either 
input, when the CE pin is low, will enable the decoder chip 
select outputs (CSO - CS3). 


CE: CHIP ENABLE input - a low at the CE input of 
CDP1882, CDP1882C will enable the chip select decoder. A 
low at the CE input of CDP1881C, coincident with a low at 
either MRD or MRW pin, will enable the chip select decoder. 
A high on this pin forces CSO, CS1, CS2, and CS3 to a high 
(false) state. 


A8 - A11: Latched high-byte address outputs. 


CSO - CS3: One of four latched and decoded Chip Select 
outputs. 


Vpp:; Vss: Power and ground pins, respectively. 


- A7 


CDP1883 
1Kx8 
ROM 


CDP1800 
SERIES 
CPU 


NOTE: CE, = CE RAM NUMBER 1 
CE, = CE RAM NUMBER 2 


ADDRESS BUS 


DATA BUS 


Application Information 


The CDP1881C, CDP1882, CDP1882C can_ interface 
directly with the multiplexed address bus of the CDP1800- 
series microprocessor family at maximum clock frequency. A 
single CDP1881C or CDP1882 is capable of decoding up to 
16K-bytes of memory. 


The CDP1881C is provided with MRD and MWR inputs for 
controlling bus contention, and is especially useful for inter- 
facing with RAMs that do not have an output enable function 
(OE). Figure 4 shows the CDP1881C in a minimum system 
configuration which includes the CDP1833 ROM (1K x 8) 
and two 2K x 8 RAMS. The CDP1881C in this example per- 
forms the following functions: 


1) Latch and decode high-order address bits for use as chip 
selects. 


2) Gate chip selects with MRD and MWR to prevent bus 
contention with the CPU. 


3) Latch high-order address bits A8 to A11. 


A system using the CDP1882 is shown in Figure 5. The 
CDP1882 performs the memory address latch and decoder 
functions. Note that the RAM has an output enable (OE) pin 
which eliminates the need for MRD and MWR inputs on the 
latch/decoder. Instead, the MRD line is connected directly to 
the RAM output enable (OE) pin. 


In Figure 6 the CDP 1882 is used to decode a 16K-byte ROM 
system consisting of four CDM5332s. 


MAO - MAS 


CLK 


CDP1881C 
LATCH/ 
DECODER 


Alt 


AO - A7 


(2) 2K x8 
RAMS 


FIGURE 4. MINIMUM 1800-SERIES USING THE CDP1881C 
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l 


ADDRESS BUS 


CDP1882 
LATCH/ 
DECODER 


TO OTHER 
CHIP SELECTS 


MAO - MA5 
A8 - A11 


A8 - A10 
CE 


CDP1800 
SERIES 


ADDRESS BUS AO - A7 


CDM6116A 
2K x 8 
RAM 


DATA BUS 


FIGURE 5. CDP1800-SERIES SYSTEM USING THE CDP1882 


CDP1882 
LATCH/ 
DECODER 


Cs2 
ADDRESS BUS AO - A7 —— 


CDP1800 CDM5332 CDM5332 CDM5332 
SERIES 4Kx8 4K x8 4Kx8 
CPU 


RD — 


DATA BUS 


FIGURE 6. 6K-BYTE ROM SYSTEMS USING THE CDP1882 
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CMOS 7-Bit Latch 
March 1997 and Decoder Memory Interfaces 
Features Description 
e Performs Memory Address Latch and Decoder Func- The CDP1883 is a CMOS 7-bit memory latch and decoder 
tions Multiplexed or Non-Multiplexed circuit intended for use in CDP1800-series microprocessor 


systems. It can serve as a direct interface between the multi- 
plexed address bus of this system and up to four 8K x 8-bit 
memories to implement a 32K-byte memory system. With 
¢ Allows Decoding for Systems Up to 32K Bytes four 4K x 8-bit memories, a 16K-byte system can be 
decoded. 

The device is also compatible with non-multiplexed address 
bus microprocessors. By connecting the clock input to Vpp, 
the latches are in the data-following mode and the decoded 
outputs can be used in general-purpose memory-system 
applications. 


The CDP1833 is compatible with CDP1800-series micropro- 
cessors operating at maximum clock frequency. 


The CDP1883 and CDP1883C are functionally identical. 
They differ in that the CDP1883 has a recommended operat- 
ing voltage range of 4V to 10.5V and the C version has a 
recommended operating voltage range of 4V to 6.5V. 


e Interfaces Directly with the CDP1800-Series Micropro- 
cessors 


Ordering Information 
TEMP. 
5V 10V RANGE 
CDP1883CE | CDP1883E -40°C to 
+85°C 


The CDP1883 and CDP1883C are supplied in 20 lead dual- oF 
in-line plastic packages (E Suffix). <x 
gi 
P s 
Pinout O = 
CDP1883, CDP1883C - 
(PDIP) 
TOP VIEW 

CLOCK 

MAO 

MA1 

MA2 

MA3 

MA4 

MAS 

MA6 

CE 

Vss 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 507.2 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) 85a (CCW) 
(All Voltages Referenced to Vgg Terminal) PDIP PaChGQG8: cod piveassscceneiudnseanas 80 
OP ES iiss be auleen 6 awenhee sound éeeees -0.5V to +11V Device Dissipation Per Output Transistor 
COP TRRIGs 20.56 tee eneaendedenesenseok beens -0.5V to +7V Ta = Full Package Temperature Range............... 100mW 
Input Voltage Range, All Inputs BS miele: te Sy ere ea -0.5V to Vop +0.5V Operating Temperature Range (Ta) 
DC Input Current, Any One Input......................... +10mA Package Type E...... 0... cece cece eee ee -40°C to +85°C 
Storage Temperature Range (Tstq).......----- -65°C to +150°C 
Lead Temperature (During Soldering) 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... 6... eee eee +265°C 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CDP1883 CDP1883C 
PARAMETER syaoL [wIN [MAK [WIN WAX | UNITS 
BE Operating Votage Range CB 


Input Voltage Range 


Static Electrical Specifications At T, = -40°C to +85°C, Vpp + 5%, Except as Noted: 


CONDITIONS CDP1883 CDP1883C 


Vo VIN Vpp (NOTE 1) (NOTE 1) 
PARAMETER SYMBOL (V) (V) (V) TYP 


TYP 
Quiescent Device 
Current 


UNITS 


> 


ah 
i) 

= 
> 


3 
> 


Output Low Drive 
(Sink) Current 


= 


“a 
o>) 


ont 
Oo 
woihr— 
mo] ® 


= 
on 


Output High Drive 5 -1.15 -2.3 


(Source) Current 


3 


et il¢ 3 = 
3/31515] <<] <[<]<] << <]3/3/3]3[5 fe] a 


= 
oO 
‘ 
ed 
w 


oO 
al 


—s 


Output Voltage 
Low-Level (Note 2) 


> 


Output Voltage 
High-Level (Note 2) 


— 
on 


Input Low Voltage 


0.5, 9.5 


sap 
05 pep 
Input 

paw [oT 
ca Es ee 
Paw Tow [oT 


° 


= 
oO 


on 


Input High Voltage 


Input Leakage Current 


s 
> 


Operating Current 
(Note 3) 


= 
> 


BEUCBBEGERECBBBBOEL 
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CDP1883, CDP1883C 


Static Electrical Specifications At Ts = -40°C to +85°C, Vpp + 5%, Except as Noted: (Continued) 


| CONDITIONS = CDP1883 | eppisssc 883C 
= VIN Vpp (NOTE 1) ened 1) 
PARAMETER SYMBOL (V) (V) (V) TYP TYP UNITS 
Minimum Data Vpp = Vor 
Retention oer 


i aoe ee ee A Ce 
omnes [ert -{-{-1-1*1*l-1° 


NOTES: 
1. Typical values are for Ta = +25°C. 


2. lo. =loH = HA 
3. Operating current measured at 200kHz for Vpp = 5V and 400kHz for Vpp = 10V, with outputs open circuit. 


Functional Diagram 
Mao (2) a >—9 48 
MA1 (3) 2 “a ie: (8) Ag 
MA2 (4) le aa  >—{i7) 410 
mas (5) a Tt >—6 4" 
MA4 (6) a ce ° i (is) A12 
MAS (7) a o—(14) CSO 
eyo 
| — t{trep | >o—(13) cst 
mas (8) > | Les S-@ c= 
CLocKk (1) be Los > (11) CS3 
Vpp = (20) 
cE (3) 1> 
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CDP1883, CDP1883C 


Signal Descriptions/Pin Functions 


CLOCK: Latch Input Control - a high on the clock input will 
allow data to pass through the latch to the output pin. Data is 
latched on the high-to-low transition of the clock input. This 
pin is connected to TPA in CDP1800-series systems and tied 
to Vpp for other applications. 


MAO - MA4: Address inputs to the high-byte address 
latches. 


MAS - MA6: High byte address inputs decoded to produce 
chip selects CSO - CS3. 


CE: CHIP ENABLE input - A low on this pin will enable the 


chip select decoder. A high on this pin forces CSO, CS1, 
CS2, and CS3 outputs to a high (false) state. 


A8 - A12: Latched high-byte address outputs. 


CSO - CS3: One of four latched and decoded Chip Select 
outputs. 


Vpp: Vss: Power and ground pins, respectively. 
TRUTH TABLE 


INPUTS OUTPUTS 


mi. ae 

[SE | cux | was | was | coo | cor | cae | cas | 
EERRERES SRERES ES 
Se 2S RAKE EEE ERAS 


Previous State 


TRUTH TABLE 
ee) 
xT yf 
ee ee 
ee ee 


X = Don’t Care 


Application Information 


The CDP1883 and CDP1883C can be interfaced, without 
external components, with CDP1800-series microprocessor 
systems. These microprocessors feature a multiplexed 
address bus and provide an address latch signal (TPA) that 
is used as the clock input of the CDP1883. See Figure 2 and 
Figure 3. 


This signal is used to latch 7 bits of the high-order address. 
The lower five high-order address inputs are latched and 
held to be used with the eight lower-order address inputs to 
access an 8K x 8-bit memory. The two upper high-order 
address inputs are latched and decoded for use as chip 
selects. 


The latched address and decoding functions of the 
CDP1883 and CDP1883C allow them to operate with 32K- 
byte memory systems. In addition, smaller memory systems 
can be configured with 4K x 8-bit or smaller memories, or a 
mix of memory sizes up to 8K x 8-bit. 


Dynamic Electrical Specifications T, = -40°C to +85°C, Vpp + 5%, tp, te = 20ns, Vjy = 0.7 Vpp, Vit = 0.3 Vpp, Cy = 100pF. 


See Figure 1 


Minimum CLOCK Pulse Width 


Minimum Hold Time, 
Memory Address After CLOCK 
PROPAGATION DELAY TIMES 


Chip Enable to Chip Select 
CLOCK to Chip Select 


Vop a... 1) | (NOTE 2) 
PARAMETER (V) TYP MAX 


es A 
totes MS EA 53 E28 


| CDP1883 883 


CDP1883C 
(NOTE 1) | (NOTE 2) 
TYP MAX UNITS 


on Pa! 


XN 
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CDP1883, CDP1883C 


Dynamic Electrical Specifications Ty, = -40°C to +85°C, Vpp + 5%, tp, te = 20ns, Vipy = 0.7 Vpp, Vi, = 0.3 Vpp, Cy = 100pF. 
See Figure 1 (Continued) 


} CDP1883C 883C 
en 2) 
PARAMETER MAX UNITS 


Memory Address to Chip Select 


CLOCK to Address 


Memory Address to Address 


NOTES: 
1. Typical values are for Ta = 25°C. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 


CE VALID CHIP ENABLE 


tcEcsS tcEcsS 
C€S0, CS1, CS2, CS3 


(A) CHIP ENABLE TO CHIP SELECT PROPAGATION DELAY 


Y”) 
I 
<x 
MAO - MAS fd am. o 
tCLMA v= 
CLOCK a 
i6LcL—* tcLcs tMacs tmMACS o. 
— 
ne 
AB - A12 Gi? 


(B) MEMORY ADDRESS SETUP AND HOLD TIME 


FIGURE 1. CDP1883 TIMING WAVEFORMS 
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ADDRESS BUS 


AO - A7 AO - A6 AO - A7 


TPA 

CDP1800 
SERIES 

CPU 


CDP1837C 
4K x8 


CDP1883 
LATCH/ 


CDM6264 
8K x8 


FIGURE 2. MINIMUM CDP1800-SYSTEM USING THE CDP1883 INTERFACE WITH AN 8K X 8-BIT MEMORY 


CDP1883 
LATCH/ 
DECODER 


ADDRESS BUS 


A8 - A12 ; 


CE 
AO - A7 ae 


CDM5364 
8K x 8 
ROM 


ADDRESS BUS AO - A7 AO - A7 


JP 


CDP1800 
SERIES 
CPU 


CDM5364 
8K x8 
ROM 


CDM5364 CDM5364 
8K x 8 8K x 8 
ROM ROM 


MRD 


DATA BUS 


FIGURE 3. 32K-BYTE ROM SYSTEM USING THE CDP1883 
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Features 


e 8-Bit, uP Bus Compatible 
- Multiplexed or Direct Addressing 


Regulated Oscillator Supply Ensures Frequency 
Stability and Low Power 


¢ Time From 1/100 Seconds to 99 Years 

¢ Software Selectable 12/24 Hour Format 

e Latched Time Data Ensures No Roll Over During Read 
e Full Calendar with Automatic Leap Year Correction 

e On-Chip Battery Backup Switchover Circuit 

¢ Access Time Less than 300ns 


e 4 Programmable Crystal Oscillator Frequencies Over 
Industrial Temperature Range 


e 3 Programmable Crystal Oscillator Frequencies Over 
Military Temperature Range 


¢ On-Chip Alarm Comparator and RAM 


Interrupts from Alarm and 6 Selectable Periodic 
Intervals 


e Standby Micro-Power Operation: 1.2uA Typical at 3.0V 
and 32kHz Crystal 


Applications 

¢ Portable and Personal Computers 
¢ Data Logging 

e Industrial Control Systems 

¢ Point Of Sale 


Ordering Information 


TEMP. RANGE 
PART NUMBER (°C) 


fowri7orG [401065 |otapor [eau 


NOTE: “A” Parts Screened to <5pA Istpy at 32kHz. 


ICM7170 


uP-Compatible, Real-Time Clock 


Description 


The ICM7170 real time clock is a microprocessor bus 
compatible peripheral, fabricated using Harris’ silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data I/O circuitry. The clock is set or read by accessing the 8 
internal separately addressable and programmable counters 
from ", oo seconds to years. The counters are controlled by 
a pulse train divided down from a crystal oscillator circuit, 
and the frequency of the crystal is selectable with the on- 
chip command register. An extremely stable oscillator 
frequency is achieved through the use of an on-chip 
regulated power supply. 


The device access time (tacc) of 300ns eliminates the need 
for wait states or software overhead with most 
microprocessors. Furthermore, an ALE (Address Latch 
Enable) input is provided for interfacing to microprocessors 
with a multiplexed address/data bus. With these two special 
features, the ICM7170 can be easily interfaced to any 
available microprocessor. 


The ICM7170 generates two types of interrupts, periodic and 
alarm. The periodic interrupt (100Hz, 10Hz, etc.) can be 
programmed by the internal interrupt control register to 
provide 6 different output signals. The alarm interrupt is set 
by loading an on-chip 51-bit RAM that activates an interrupt 
output through a comparator. The alarm interrupt occurs 
when the real time counter and alarm RAM time are equal. A 
Status register is available to indicate the interrupt source. 


An on-chip Power Down Detector eliminates the need for 
external components to support the battery back-up 
function. When a power down or power failure occurs, 
internal logic switches the on-chip counters to battery back- 
up operation. Read/write functions become disabled and 
operation is limited to time-keeping and interrupt generation, 
resulting in low power consumption. 


Internal latches prevent clock roll-over during a read cycle. 
Counter data is latched on the chip by reading the 
100th-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 


CMOS 
PERIPHERALS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 


ICM7170 


Pinouts 
1CM7170 1CM7170 
(PDIP, SBDIP) (SOIC) 
TOP VIEW TOP VIEW 
WR | 1) 24] RD 
ALE [2] 23] Vpp 
cs | 3) 22] D7 
A4| 4) D6 
A3[5| D5 
A2[6| 19] D4 
Al 18] D3 
AO] 8| 7| D2 
OSC OUT | 9| 16] D1 
OSC IN |10) 15] DO 
INT SOURCE |11| 14] Veackup 
INTERRUPT | 12! 13] Vssg (GND) 


Functional Block Diagram 


OSCILLATOR 
CRYSTAL 


osc osc 
OUT IN 


INTERRUPTS 


RD a PERIODIC aiid { 
bi INT 


pP 
ALE ae oe CONTROL 


cs INT 
TIME COUNTERS SOURCE 
0.01 | SEC | MIN | HOUR | DAY | DATE | MON | YEAR 
Vv 
Dp POWER 
VBACKUP SUPPLY 
CONTROL 
Vss 
THREE-STAT 
gi = DATA I/O 
DO - D7 


DRIVERS 


ADDRESS —— 
INPUTS atl 
AO -A4 LATCHES 0.01 | SEC | MIN | HOUR | DAY | DATE | MON | YEAR 
COMPARE RAM 
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Absolute Maximum Ratings Thermal Information 
BO VOUS ov cdivesdide pabewd éovetabee eens sa.0s-b- +8.0V Thermal Resistance (Typical) Oya (CCIW) 8jc (CCW) 
Power Dissipation (Note 1)............ 0... e eee 500mW PDIP PACKAGS . 6c osenneavsiaweres 65 N/A 
Storage Temperature Range .................. -65°C to 150°C SOGIP PaCKAGS: <6 icscintncrsvases 60 18 
Lead Temperature (Soldering 10s)..................0.- 300°C SONG PACKHOS..cccrsosdeneeeaacs 75 N/A 
Input Voltage (Any Terminal) (Note 2) ....Vpp +0.3V to Vss -0.3V. Maximum Junction Temperature 
Plastic Package... . 0.2... cece cece cece eens 150°C 
SO PAOMAIGS oie enced saved ie es cdescassdndaves 175°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications —T, = -40°C to 85°C, Vpp +5V +10%, Veackup Vpp. Vsg = OV Unless Otherwise Specified 
All Ipp specifications include all input and output leakages (ICM7170 and ICM7170A) 


raraweren | _____vestoowomions [ww [WP | wax [UNS 


ns i 

Fosc = 32kHz ICM7170 1.2 yA 
Pins 1 - 8,15 - 22 and 24 =Vpp 

= Pye 

20 150 yA 
Vpp = Vss: 
VBackuP = Vpp - 3.0V 
Operating Supply Current, Ippi1) . Fosc = 32kHz 
Read/Write Operation at 100Hz 
Operating Supply Current, Ipp,2) Fosc = 32kHz 
Read/Write Operation at 1MHz 

Input Low Voltage Vpp = 5.0V 
(Except Osc.), Vip 
Input High Voltage Vop = 5.0V 
(Except Osc.), Viy 
Output Low Voltage lot = 1.6mA 
(Except Osc.), VoL 
Output High Voltage Except lon = -400A 
INTERRUPT 
(Except Osc.), Von 
Input Leakage Current, |), Vin = Vpp Or Vss 
Three-State Leakage Current Vo =Vpp or Vss 
(DO - D7), low (1) 
Backup Battery Voltage Fosc = 1, 2, 4MHz 
VBATTERY 


Backup Battery Voltage, Fosc = 32kHz 

VBATTERY 

Leakage Current INTERRUPT, Io; (2) Vo = Vpp INT SOURCE 
Connected to Vsg 


Capacitance DO - D7, Cyo re 


Capacitance AO - A4 
CADDRESS 


Standby Current, Istpy(1) 


Vop = Vss: 
VBackuP = Vpp - 3.0V 
For |ICM7170A 

See General Notes 5 


Fosc = 4MHz 
Pins 1 - 8,15 - 22 and 24 = Vpp 


Standby Current, Istpy(2) 


io 
3 


af s 
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3 
> 


+10 


= 
p 


pA 
: +10 


5 
> 


< 


Dp - 1-3 


nD La on nD 

ro) o}lo — 
ro) ox ro) 
on Oo ) 


ve) 
< 


Dp - 1.3 


0.5 


ne} 
TT 


> 
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ICM7170 


AC Electrical Specifications Ty, = -40°C to 85°C, Vpp = +5V + 10%, Vgackup = Vpp: 
DO - D7 Load Capacitance = 150pF, Vj, = 0.4V, Vi = 2.8V, Unless Otherwise Specified 


READ CYCLE TIMING 


RD High to Bus Three-State, tay 


ADDRESS to READ Set Up Time, tas 


ADDRESS HOLD Time After READ, tar 


WRITE CYCLE TIMING 


ADDRESS Valid to WRITE Strobe, tap 


ADDRESS Hold Time for WRITE, twa 


WRITE Pulse Width, Low, ty. 


WRITE Cycle Time, toyc 


MULTIPLEXED MODE TIMING 


1. Ta = 25°C. 

2. Due to the SCR structure inherent in the CMOS process, connecting any terminal at voltages greater than Vpp or less than Vgs may 
cause destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same 
power supply be applied to the device before its supply is established, and that in multiple supply systems, the supply to the ICM7170 be 
turned on first. 
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Timing Diagrams 


es 


DO - D7 se =euueweeesipeewweeweeweeweewewees OUTPUT DATA VALID sanuaa = ae ee 


—_—_———- tacce ———_—_———_—> <= try ——e 


FIGURE 1. READ CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = Vip, WR = Vip 


Ad - A4, CS 


CMOS 
PERIPHERALS 


DO - D7 sae eu nee ewaees w of se RB eR ee eee ee 


FIGURE 2. WRITE CYCLE TIMING FOR NON-MULTIPLEXED BUS (ALE = Vj, RD = Vj) 


FIGURE 3. READ CYCLE TIMING FOR MULTIPLEXED BUS (WR = Vj) 
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Timing Diagrams (Continued) 


A0Q-A4,D0-D7,CS =s=#=== ADDRESS VALID, CSLOW 2S» aa ao = 


a =—- tia 


7 INPUTDATA VALID Des ee eeees 


—=— two 
a twa ee 


ALE 


i [pg sie 


RR tap ——————S tcyc ——— 
t- tw —o| | 


FIGURE 4. WRITE CYCLE TIMING FOR MULTIPLEXED BUS (RD = Vj) 


Pin Descriptions 


SOIC 
SIGNAL PIN NUMBER PIN NUMBER DESCRIPTION 


cs 3 21 


Chip Select Input 


Oscillator Output 
Po Oscillator Input 
ee ae Interrupt Source 
a ae Digital Common 

Vpp Positive Digital Supply 


TABLE 1. COMMAND REGISTER FORMAT 


COMMAND REGISTER ADDRESS (10001b, 11h) WRITE-ONLY 


pore | le ee | ll 


n/a n/a Normal/Test Interrupt Run/Stop 12/24 Hour Crystal Crystal 
Mode Enable Format Frequency Frequency 


TABLE 2. COMMAND REGISTER BIT ASSIGNMENTS 
INTERRUPT 24/12 HOUR CRYSTAL 
TEST BIT ENABLE RUN/STOP FORMAT FREQUENCY 
} 0 32.768kHz 


To Romarioas [0 [rertdeates [0 [See @ | verownose | 0 
PT | resiiase [7 | ineoptenabe [1 [ain [4 [ae rourmase [0 
TT oorisans 


— 
eS 
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TABLE 3. ADDRESS CODES AND FUNCTIONS 


ADDRESS DATA 


Te Te [A [mT we] runcnon  [orpor [os [oe] os [oa [or | ov | vatue 
OS 
A 
ERR. Pe eee eee ES 
OR a 
SO 
OS 
FN 
A 
8 
ed 
Pee fo | faatoas 
se 
2 
re [fre 
Te [2 fra 


anne 
en 
ee ee 


1 10 Interrupt Status and Mask + 
Register 
oY Oo] ot | tt [Senmmanatetat |e 


Addresses 10010 to 11111 (12h to 1Fh) are unused. 

‘+’ Unused bit for interrupt Mask Register, MSB bit for interrupt Status Register. 

‘.’ Indicates unused bits. 

‘t’ AM/PM indicator bit in 12 hour format Logic “0” indicates AM, logic “1” indicates PM. 
‘M’ Alarm compare for particular counter will be enabled if bit is set to logic “O”. 


TABLE 4. INTERRUPT AND STATUS REGISTERS FORMAT 


rh e Periodic Interrupt Mask Bits ~ 
a 
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Detailed Description 


Oscillator 


The ICM7170 has an onboard CMOS Pierce oscillator with 
an internally regulated voltage supply for maximum 
accuracy, stability, and low power consumption. It operates 
at any of four popular crystal frequencies: 32.768kHz, 
1.046576MHz, 2.097152MHz, and 4.194304MHz (Note 1). 
The crystal should be designed for the parallel resonant 
mode of oscillation. In addition to the crystal, 2 or 3 load 
Capacitors are required, depending on the circuit topology 
used. 


The oscillator output is divided down to 4000Hz by one of 
four divider ratios, determined by the two frequency 
selection bits in the Command Register (DO and D1 at 
address 11H). This 4000Hz is then divided down to 100Hz, 
which is used as the clock for the counters. 


Time and calendar information is provided by 8 consecutive, 
programmable counters: 100ths of, seconds, minutes, hours, 
day of week, date, month, and year. The data is in binary 
format with 8 bits per digit. See Table 3 for address 
information. Any unused bits are held to a logic “O” during a 
read and ignored during a write operation. 


NOTE: 
1. 4.94304MHz is not available over military temperature range. 
Alarm Compare RAM 


On the chip are 51 bits of Alarm Compare RAM grouped into 
words of different lengths. These are used to store the time, 
ranging from 10ths of seconds to years, for comparison to 
the real-time counters. Each counter has a corresponding 
RAM word. In the Alarm Mode an interrupt is generated 
when the current time is equal to the alarm time. The RAM 
contents are compared to the counters on a word by word 
basis. If a comparison to a particular counter is unnecessary, 
then the appropriate ‘M’ bit in Compare RAM should be set 
to logic “1”. 


The ‘M’ bit, referring to Mask bit, causes a particular RAM 
word to be masked off or ignored during a compare. Table 3 
shows addresses and Mask bit information. 


Periodic Interrupts 


The interrupt output can be programmed for 6 periodic 
signals: 100Hz, 10Hz, once per second, once per minute, 
once per hour, or once per day. The 100Hz and 10Hz 
interrupts have instantaneous errors of +2.5% and +0.15% 
respectively. This is because non-integer divider circuitry is 
used to generate these signals from the crystal frequency, 
which is a power of 2. The time average of these errors over 
a 1 second period, however, is zero. Consequently, the 
100Hz or 10Hz interrupts are not suitable as an aid in tuning 
the oscillator; the 1 second interrupt must be used instead. 


See General, Note 6. 


The periodic interrupts can occur concurrently and _ in 
addition to alarm interrupts. The periodic interrupts are 
controlled by bits in the interrupt mask register, and are 
enabled by setting the appropriate bit to a “1” as shown in 
Table 4. Bits D1 through D6 in the mask register, in 
conjunction with bits D1 through D6 of the status register, 
control the generation of interrupts according to Figure 5. 


The interrupt status register, when read, indicates the cause 
of the interrupt and resets itself on the rising edge of the RD 
signal. When any of the counters having a corresponding bit 
in the status register increments, that bit is set to a “1” 
regardless of whether the corresponding bit in the interrupt 
mask register is set or not. 


Consequently, when the status register is read it will always 
indicate which counters have increments and if an alarm 
compare occurred, since the last time it was read. This 
requires some special software considerations. If a slow 
interrupt is enabled (i.e. hourly or daily), the program must 
always check the slowest interrupt that has been enabled 
first, because all the other lower order bits in the status 
register will be set to “1” as well. 


Bit D7 is the global interrupt bit, and when set to a “1”, 
indicates that the ICM7170 did indeed generate a hardware 
interrupt. This is useful when other interrupting devices in 
addition to the ICM7170 are attached to the system 
microprocessor, and all devices must be polled to determine 
which one generated the interrupt. 


See General Notes, Note 6. 
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| PERIODIC INT’ MASK BITS | | ALARM MASK BIT 


INTERRUPT MASK 
qcmsren [27 | 08] be | Bt ma | oa by Fe 


INTERRUPT STATUS D7 Ds | D4 | 03 RD OF ADD HEX 10 = >RESET 
REGISTER 
| PERIODIC INT’ FLAGS | | ALARM FLAG BIT 


GLOBAL INTERRUPT FLAG BIT 


PIN 12 


INT 
SOURCE 


INTERRUPT 
ENABLE 
COMMAND 
REGISTER 
BIT D4 


FIGURE 5. INTERRUPT OUTPUT CIRCUIT 


Interrupt Operation 


The Interrupt Output N-channel MOSFET (Figure 4) is enabled 
whenever both the Interrupt Enable bit (D4 of the Command 
Register) and a mask bit (DO - D6 of the Interrupt Mask 
Register) are set. The transistor is turned ON when a flag bit is 
set that corresponds to one of the set mask bits. This also sets 
the Global Interrupt Flag Bit (D7 of the Interrupt Status 
Register). It is turned OFF when the Interrupt Status Register is 
read. An interrupt can occur in both the operational and 
standby modes of operation. 


Since system power is usually applied between Vpp and Vss, 
the user can connect the Interrupt Source (pin 11) to Vss. This 
allows the Interrupt Output to turn on only while system powers 
applied and will not be pulled to Vss during standby operation. 
If interrupts are required only during standby operation, then 
the interrupt source pin should be connected to the battery's 
negative side (Vaackup). In this configuration, for example, the 
interrupt could be used to turn on power for a cold boot. 


Power Down Detector 


The ICM7170 contains an on-chip power down detector that 
eliminates the need for external components to support the 
battery-backup switchover function, as shown in Figure 6. 
Whenever the voltage from the Vss pin to the Vaackup pin is 
less than approximately 1.0V (the Vt} of the N-channel 
MOSFET), the data bus I/O buffers in the ICM7170 are 
automatically disabled and the chip cannot be read or written 
to. This prevents random data from the microprocessor being 
written to the clock registers as the power supply is going down. 


Actual switchover to battery operation occurs when the voltage 
on the Veackup Pin is within +50mV of Vss. This switchover 
uncertainty is due to the offset voltage of the CMOS 
comparator that is used to sense the battery voltage. During 


battery backup, device operation is limited to timekeeping and 
interrupt generation only, thus achieving micro- power current 
drain. If an external battery-backup switch-over circuit is being 
used with the ICM7170, or if standby battery operation is not 
required, the Vaackup pin should be pulled up to Vpp through 
a 2K resistor. 


Time Synchronization 


Time synchronization is achieved through bit D3 of the 
Command Register, which is used to enable or disable the 
100Hz clock from the counters. A logic “1” allows the counters 
to function and a logic “0” disables the counters. To accurately 
set the time, a logic “O” should be written into D3 and then the 
desired times entered into the appropriate counters. The clock 
is then started at the proper time by writing a logic “1” into D3 of 
the Command Register. 


Latched Data 


To prevent ambiguity while the processor is gathering data from 
the registers, the ICM7170 incorporates data latches and a 
transparent transition delay circuit. 


By accessing the 100ths of seconds counter an internal 
store signal is generated and data from all the counters is 
transferred into a 36-bit latch. A transition delay circuit will 
delay a 100Hz transition during a READ cycle. The data 
stored by the latches is then available for further processing 
until the 100ths of seconds counter is read again. If a RD 
signal is wider than 0.01s, 100Hz counts will be ignored. 


Control Lines 


The RD, WR, and CS signals are active low inputs. Data is 
placed on the bus from counters or registers when RD is a 
logic “O”. Data is transferred to counters or registers when 
WR is a logic “0”. RD and WR must be accompanied by a 
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FIGURE 6. SIMPLIFIED ICM7170 BATTERY BACKUP CIRCUIT 


logical “O” CS as shown in Figures 2 and 3. The ICM7170 
will also work satisfactorily with CS grounded. In this mode, 
access to the ICM7170 is controlled by RD and WR oniy. 


With the ALE (Address Latch Enable) input, the ICM7170 
can be interfaced directly to microprocessors that use a 
multiplexed address/data bus by connecting the address 
lines AO - A4 to the data lines DO - D4. To address the chip, 
the address is placed on the bus and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as on a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Vpp. 


Test Mode 


The test mode is entered by setting D5 of the Command 
Register to a logic “1”. This connects the 100Hz counter 
directly to the oscillator’s output. 


Oscillator Considerations 


Load Design: A new oscillator load configuration, shown in 
Figure 7, has been found that eliminates start-up problems 
sometimes encountered with 32kHz tuning fork crystals. 


Vpp 


1CM7170 


FIGURE 7. NEW OSCILLATOR CONFIGURATION 


Vpp 


C1 = 2x LOAD 
C2 = 5pF - 35pF 


1CM7170 


FIGURE 8. ORIGINAL OSCILLATOR CONFIGURATION 


Two conditions must be met for best oscillator performance: 
the capacitive load must be matched to both the inverter and 
crystal to provide the ideal conditions for oscillation, and the 
resonant frequency of the oscillator must be adjustable to 
the desired frequency. In the original design (Figure 8), 
these two goals were often at odds with each other; either 
the oscillator was trimmed to frequency by detuning the load 
circuit, or stability was increased at the expense of absolute 
frequency accuracy. 


The new load configuration (Figure 6) allows these two 
conditions to be met independently. The two load capacitors, 
C1 and C2, provide a fixed load to the oscillator and crystal. 
C3 adjusts the frequency that the circuit resonates at by 
reducing the effective value of the crystal's motional 
capacitance, CO. This minute adjustment does _ not 
appreciably change the load of the overall system, therefore, 
stability is no longer affected by tuning. Typical values for 
these capacitors are shown in Table 5. C1 and C2 must 
always be greater than twice the crystal’s recommended load 
capacitance in order for C3 to be able to trim the frequency. 
Some experimentation may be necessary to determine the 
ideal values of C1 and C2 for a particular crystal. 
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TABLE 5. TYPICAL LOAD CAPACITOR VALUES 


FREQUENCY (C1, C2) (C3) 
ee 


This three capacitor tuning method will be more stable than 
the original design and is mandatory for 32kHz tuning fork 
crystals: without it they may leap into an overtone mode 
when power is initially applied. 


The original two-capacitor circuit (Figure 8) will continue to 
work as well as it always has, and may continue to be used 
in applications where cost or space is a critical 
consideration. It is also easier to tune to frequency since one 
end of the trimmer capacitor is fixed at the AC ground of the 
circuit (Vpp), minimizing the disturbance cause by contact 
between the adjustment tool and the trimmer capacitor. Note 
that in both configurations the load capacitors are connected 
between the oscillator pins and Vpp - do not use Vgg as an 
AC ground. 


Layout: Due to the extremely low current (and therefore high 
impedance) design of the ICM7170s oscillator, special 
attention must be given to the layout of this section. Stray 
Capacitance should be minimized. Keep the oscillator traces 
on a single layer of the PCB. Avoid putting a ground plane 
above or below this layer. The traces between the crystal, 
the capacitors, and the |CM7170 OSC pins should be as 
short as possible. Completely surround the oscillator 
components with a thick trace of Vpp to minimize coupling 
with any digital signals. The final assembly must be free from 
contaminants such as solder flux, moisture, or any other 
potential sources of leakage. A good solder mask will help 
keep the traces free of moisture and contamination over 
time. 


Oscillator Tuning 


Trimming the oscillator should be done indirectly. Direct 
monitoring of the oscillator frequency by probing OSC IN or 
OSC OUT is not accurate due to the capacitive loading of 
most probes. One way to accurately trim the ICM7170 is by 
turning on the 1 second periodic interrupt and trimming the 
oscillator until the interrupt period is exactly one second. 
This can be done as follows: 


1. Turn on the system. Write a OOH to the Interrupt Mask Register 
(location 10H) to clear all interrupts. 

2. Set the Command Register (location 11H) for the appropriate 
crystal frequency, set the Interrupt Enable and Run/Stop bits to 
1, and set the Test bit to 0. 


3. Write a 08H to the Interrupt Mask Register to turn on the 1s 
interrupt. 

4. Write an interrupt handler to read the Interrupt Status Register 
after every interrupt. This resets the interrupt and allows it to be 
set again. A software loop that reads the Interrupt Status 
Register several times each second will accomplish this also. 

5. Connect a precision period counter capable of measuring 1s 
within the accuracy desired to the interrupt output. If the interrupt 
is configured as active low, trigger on the falling edge. If the 
interrupt is active high, trigger on the rising edge. Be sure to 
measure the period between when the transistor turns ON, and 
when the transistor turns ON a second later. 

6. Adjust C3 (C2 for the two-capacitor load configuration) for an 
interrupt period of exactly 1.000000 seconds. 


Application Notes 
Digital Input Termination During Backup 


To ensure low current drain during battery backup operation, 
none of the digital inputs to the |CM7170 should be allowed 
to float. This keeps the input logic gates out of their transition 
region, and prevents crossover current from flowing which 
will shorten battery life. The address, data, CS, and ALE 
pins should be pulled to either Vpp or Vss, and the RD and 
WR inputs should be pulled to Vpp. This is necessary 
whether the internal battery switchover circuit is used or not. 


IBM/PC Evaluation Circuit 


Figure 9 shows the schematic of a board that has been 
designed to plug into an IBM PC/XT (Note 1) or compatible 
computer. In this example CS is permanently tied low and 
access to the chip is controlled by the RD and WR pins. 
These signals are generated by U1, which gates the IBM’s 
IOR and IOW with a device select signal from U3, which is 
functioning as an I/O block address decoder. DS1 selects 
the interrupt priority. 


U5 is used to isolate the ICM7170 from the PC databus for 
test purposes. It is only required on heavily-loaded TTL 
databuses - the ICM7170 can drive most TTL and CMOS 
databuses directly. 


Since the IBM PC/XT (Note 1) requires a positive interrupt 
transition, the |CM7170s interrupt output transistor has been 
configured as a source follower. As a source follower, the 
interrupt output signal will swing between OV and 2.5V. 
When trimming the oscillator, the frequency counter must be 
triggered on the rising edge of the interrupt signal. 


TABLE 6. 


Panasonic }Saronix | S2kHz NTF3238 
NOTE: 


1. IBM, IBM PC, and IBM XT are trademarks of IBM Corp. 


Rayovac 
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General Notes 


1. TIME ACCESS - To update the present time registers (Hex 00 - To enable the periodic interrupt, both the Command Register’s 


07) the '/; oo register must be read first. The 7 real time counter 
registers (Hours, Minutes, Seconds, Month, Date, Day, and Year) 
data are latched only if the 1/100 second counter register is read. 
The 1/100 seconds data itself is not latched. The real time data 
will be held in the latches until the uP 00 seconds is read again. 
See the data sheet section on LATCHED DATA. None of the 
RAM data is latched since it is static by nature. 


. REGULATED OSCILLATOR - The oscillator’s power supply is 
voltage regulated with respect to Vpp. In the 32kHz mode the 
regulator's amplitude is }Vtn + Vtp (=1.8V). In the 1, 2, and 
4MHz mode the regulator's amplitude is }Vtn + Vtn + Vtp 
(=2.6V). As a result, signal conditioning is necessary to drive the 
oscillator with an external signal. In addition, it is also necessary 
to buffer the oscillator’s signal to drive other external clocks be- 
cause of its reduced amplitude and offset voltage. 


. INTERNAL BATTERY BACKUP - When the |CM7170 is using its 
own internal battery backup circuitry, no other circuitry interfaced 
to the ICM7170 should be active during standby operation. 
When Vpp (+5V) is turned off (Standby operation), Vpp should 
equal Vsg = OV. All |CM7170 I/O should also equal Vss. At this 
time, the Vaackup Pin should be 2.8V to 3.5V below Vss when 
using a Lithium battery. 


. EXTERNAL BATTERY BACKUP - The ICM7170 may be placed 
on the same power supply as battery-backed up RAM by keep- 
ing the ICM7170 in its operational state and having an external 
circuit switch between system and backup power for the 
ICM7170 and the RAM. In this case Vgackup should be pulled 
up to Vpp through a 2K resistor. Although the |CM7170 is always 
“on” in this configuration, its current consumption will typically be 
less than a microamp greater than that of standby operation at 
the same supply voltage (See Note 9). Proper consideration 
must be given to disabling the |CM7170s and the RAMs I/O be- 
fore system power is removed. This is important because many 
microprocessors can generate spurious write signals when their 
supply falls below their specified operating voltage limits. NAND- 
ing CS (or WR) with a POWERGOOD signal will create a CS (or 
WR) that is only valid when system power is within specifica- 
tions. The POWERGOOD signal should be generated by an ac- 
curate supply monitor such as the ICL7665 under/over voltage 
detector. An alternate method of disabling the 1CM7170’s I/O is 
to pull Vaackup down to under a volt above Vss (Vss < VBack- 
up <1.0V). This will cause the ICM7170 to internally disable all 
I/O. Do not allow Vaacxup to equal Vss, since this could cause 
oscillation of the battery backup comparator (See Figure 6). 
VBACKUP = Vss + 0.5V will disable the I/O and provide enough 
overdrive for the comparator. 


. ICM7170A PART - The ICM7170A part is binned at final test for 
a 32.768kHz maximum current of 5yA. All other specifications 
remain the same. 


. INTERRUPTS - The Interrupt Status Register (address 10H) 
always indicates which of the real time counters have been in- 
cremented since the last time the register was read. NOTE: This 
is independent of whether or not any mask bits are set. 


The status register is always reset immediately after it is read. If 
an interrupt from the |CM7170 has occurred since the last time 
the status register was read, bit D7 of the register will be set. If 
the source was an alarm interrupt, bit DO will also be set. If the 
interrupt transistor has been turned on, reading the Interrupt 
Status Register will reset it. 
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Interrupt Enable bit (D4) and at least one bit in the Interrupt 
Mask Register (D1 - D6) must be set to a 1. The periodic inter- 
rupt is triggered when the counter corresponding to a mask bit 
that has been set is incremented. For example, if you enable the 
1 second interrupt when the current value in the 100ths counter 
is 57, the first interrupt will occur 0.43 seconds later. All subse- 
quent interrupts will be exactly one second apart. The interrupt 
service routine should then read the Interrupt Status Register to 
reset the interrupt transistor and, if necessary, determine the 
cause of the interrupt (periodic, alarm, or non-ICM7170 gener- 
ated) from the contents of the status register. 


To enable the alarm interrupts, both the Command Register’s 
Interrupt Enable bit (D4) and the Interrupt Mask Register’s 
Alarm bit (D0) must be set to a 1. Each time there is an exact 
match between the values in the alarm register and the values 
in the real time counters, bits DO and D7 of the Interrupt Status 
Register will be set to a 1 and the N-channel interrupt transistor 
will be turned on. As with a periodic interrupt, the service rou- 
tine should then read the Interrupt Status Register to reset the 
interrupt transistor and, since periodic and alarm interrupts may 
be simultaneously enabled, determine the cause of the interrupt 
if necessary. 


Mask bits: The ICM7170 alarm interrupt compares the data in 
the alarm registers with the data in the real time registers, ignor- 
ing any registers with the mask bit set. For example, if the alarm 
register is set to 11-23-95 (Month-Day-Year), 10:59:00:00 
(Hour-Minutes-Seconds-Hundredths), and DAY = XX (XX = 
masked off), the alarm will generate a single interrupt at 10:59 
on November 23,1995. If the alarm register is set to 11-XX-95, 
10:XX:00:00, and DAY = 2 (2 = Tuesday); the alarm will gener- 
ate one interrupt every minute from 10:00-10:59 on every Tues- 
day in November, 1995. 


NOTE: Masking off the 100ths of a second counter has the 
same effect as setting it to 00. 


. RESISTOR IN SERIES WITH BATTERY - A 2K resistor (R2) 


must be placed in series with the battery backup pin of the 
ICM7170. The UL laboratories have requested the resistor to 
limit the charging and discharging current to the battery. The 
resistor also serves the purpose of degenerating parasitic SCR 
action. This SCR action may occur if an input is applied to the 
ICM7170, outside of its supply voltage range, while it is in the 
standby mode. 


. Veackup DIODE - Lithium batteries may explode if charged or 


if discharged at too high a rate. These conditions could occur if 
the battery was installed backwards or in the case of a gross 
component failure. A 1N914-type diode placed in series with the 
battery as shown in Figure 9 will prevent this from occurring. A 
resistor of 2MQ or so should parallel the diode to keep the 
VpBackup terminal from drifting toward the Vss terminal and 
shutting off |CM7170 I/O during normal operation. 


. SUPPLY CURRENT - ICM7170 supply current is predominantly 


a function of oscillator frequency and databus activity. The lower 
the oscillator frequency, the lower the supply current. When 
there is little or no activity on the data, address or control lines, 
the current consumption of the |CM7170 in its operational mode 
approaches that of the backup mode. 
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High Speed Data Transfers: 
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Normal Mode 
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Description 


The 82C237 is a modified version of the 82C37A. The 
82C237 is fully software and pin for pin compatible with the 
82C37A but provides an additional mode for 16-bit DMA 
transfers, as well as enhanced speed. Each channel may be 
individually programmed for 8-bit or 16-bit data transfers. 


The 82C237 controller can improve system performance by 
allowing external devices to transfer data directly to or from 
system memory. Memory-to-memory transfer capability is 
also provided, along with a memory block initialization fea- 
ture. DMA requests may be generated by either hardware or 
software, and each channel is independently programmable 
with a variety of features for flexible operation. 


The 82C237 is designed to be used with an external address 
latch, such as the 82C82, to demultiplex the most significant 
8 bits of address. An additional latch is required to 
temporarily store the most significant 8 bits of data if 16-bit 
memory-to-memory transfers are desired. The 82C237 can 
be used with industry standard microprocessors such as 
80C286, 80286, 80C86, 80C88, 8086, 8088, 8085, Z80, 
NSC800, 80186 and others. Multimode programmability 
allows the user to select from three basic types of DMA 
services, and reconfiguration under program control is 
possible even with the clock to the controller stopped. Each 
channel has a full 64K address and word count range, and 
may be programmed to autoinitialize these registers 
following DMA termination (end of process). 


0°C to +70°C CD82C237 CD82C237-12 F40.6 
-40°C to +85°C 1ID82C237 ID82C237-12 F40.6 


5962-9054304MQA 5962-9054305MQA F40.6 


-55°C to +125°C MD82C237/B MD82C237-12/B F40.6 


-55°C to +125°C MR82C237/B MR82C237-12/B J44.A 


5962-9054304MXA 5962-9054305MXA 


J44.A 
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Pin Description 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 
i Be Voc: is the +5V power supply pin. A 0.1uF capacitor between pins 31 and 20 is recommended for 
decoupling. 


a 
CLK 12 CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C237 
operations. This input may be driven from DC to 12.5MHz for the 82C237-12 or from DC to 8MHz 
for the 82C237. The Clock may be stopped in either state for standby operation. 
CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus for 
CPU communications. 


RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set to ignore 
requests. The Data-Width register is set to perform 8-bit transfers on all channels (82C237 only). 
Following a Reset, the controller is in an idle cycle. 


READY: This signal can be used to extend the memory read and write pulses from the 82C237 to 
accommodate slow memories or I/O devices. READY must not make transitions during its specified 
set-up and hold times. See Figure 14 for timing. READY is ignored in verify transfer mode. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the rising 
edge of clock, during which time HLDA must not transition. 


DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is 
programmable. RESET initializes these lines to active high. DREQ must be maintained until the 
corresponding DACK goes active. DREQ will not be recognized while the clock is stopped. Unused 
DREQ inputs should be pulled High or Low (inactive) and the corresponding mask bit set. In 16-bit 
Transfer mode (82C237 only), each DREQ channel may be programmed to perform either 8-bit or 
16-bit DMA transfers. 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the I/O Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an I/O Write cycle 
when the CPU is programming the 82C237 control registers. During DMA cycles, the most signifi- 
cant 8-bits of the address are output onto the data bus to be strobed into an external latch by ADSTB. 
In memory-to-memory operations, data from the memory enters the 82C237 on the data bus during 
the read-from-memory transfer, then during the write-to-memory transfer, the data bus outputs write 
the data into the new memory location. 


I/O READ: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input con- 
trol signal used by the CPU to read the control registers. In the Active cycle, it is an output control 
signal used by the 82C237 to access data from the peripheral during a DMA Write transfer. 


1/0 WRITE: 1/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input con- 
trol signal used by the CPU to load information into the 82C237. In the Active cycle, it is an output 
control signal used by the 82C237 to load data to the peripheral during a DMA Read transfer. 
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Pin Descr iption (Continued) 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 


END OF PROCESS: End of Process (EOP) is an active low bidirectional nal signal. Information 
concerning the completion of DMA services is available at the bidirectional EOP pin. 
The 82C237 allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C237 when terminal count (TC) for any channel is reached, 
except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EOP will 
be output when the TC for channel 1 occurs. 
The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up resistor 
to Voc. 
When an EOP pulse occurs, whether internally or externally generated, the 82C237 will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active channel 
by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit remains clear. 
A0-A3 32-35 ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C237 to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4-bits of the output address. When 
in 16-bit mode (82C237 only), and the active channel is a 16-bit channel (as defined by the Data- 
A4-A7 37-40 ADDRESS: The four most significant address lines are three-state outputs and provide 4-bits of 
address. These lines are enabled only during the DMA service. 
HRQ 10 HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is made, 
DACKO- 14, 15 
DACK3 24, 25 


Width register), then AO will remain low during the entire transfer (i.e. an even word address will al- 
the 82C237 issues HRQ. The HLDA signal then informs the controller when access to the system 


ways be generated). 
busses is permitted. For stand-alone operation where the 82C237 always controls the busses, HRQ 
ADSTB 


may be tied to HLDA. This will result in one SO state before the transfer. 


DWLE 


DMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. RESET initializes them 
to active low. 


ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during DMA 
transfers. AEN is active HIGH. 


ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be updated, 
thus speeding operation through elimination of S1 states. ADSTB timing is referenced to the falling 
edge of the 82C237 clock. 


MEMORY READ: The Memory Read signal is an active low three-state output used to access data 
from the selected memory location during a DMA Read or a memory-to-memory transfer. 


MEMORY WRITE: The Memory Write is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a memory-to-memory transfer. 


DATA-WIDTH, LATCH ENABLE: In normal 8-bit transfer mode (16-bit transfer mode not enabled), 
this output is always high impedance three-stated. In 16-bit transfer mode (82C237 only), this output 
serves a dual purpose. During S1 cycles, the DWLE output indicates the data width (0 = 16-bit, 1 = 
8-bit) of the active channel. During memory-to-memory transfers, the DWLE output is used to enable 
an external latch which temporarily stores the 8 most significant bits of data during the read-from- 
memory transfer. DWLE enables this byte of data onto the data bus during the write-to-memory 
transfer of a memory-to-memory operation. 


te 


4-151 


PERIPHERALS 


820237 


Functional Description 


The 82C237 is an improved version of the Harris 82C37A 
DMA controller and is fully software and pin for pin compati- 
ble with the 82C37A. All operational and pin descriptions of 
the 82C37A apply to the 82C237 with additional features 
noted in the section titled 82C237 Operation. 


The 82C237 direct memory access controller is designed to 
improve the data transfer rate in systems which must 
transfer data from an I/O device to memory, or move a block 
of memory to an I/O device. It will also perform memory-to- 
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided to 
handle single byte transfers as well as discontinuous data 
streams, which allows the 82C237 to control data movement 
with software transparency. 


The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string 
instructions. | Memory-to-memory operations require 
temporary internal storage of the data byte between 
generation of the source and destination addresses, so 
memory-to-memory transfers take place at less than half the 
rate of I/O operations, but still much faster than with central 
processor techniques. The maximum data transfer rates 
obtainable with the 82C237 are shown in Figure 1. 


The block diagram of the 82C237 is shown on page 2. The 
timing and control block, priority block, and internal registers 
are the main components. Figure 2 lists the name and size 
of the internal registers. The timing and control block derives 
internal timing from CLK input, and generates external 
control signals. The Priority Encoder block resolves priority 
contention between DMA channels requesting service 
simultaneously. 


82C237 
TRANSFER 


TYPE 8-BIT | 16-BIT | 8-BIT | 16-BIT UNIT 
[Corpses [00 [ 000 | 625 | 125 | Wovern 


Memory-to- 1.00 1.56 3.12 MByte/sec 
Memory 


FIGURE 1. DMA TRANSFER RATES 


DMA Operation 


In a system, the 82C237 address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller's outputs are in a 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C237 
drives the busses and generates the control signals to 
perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 


been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 


For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C237 Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
the channel’s Word Count register. The corresponding Mode 
register is programmed for a memory-to-l/O operation (read 
transfer), and various options are selected by the Command 
register and the other Mode register bits. The channel's 
mask bit is cleared to enable recognition of a DMA request 
(DREQ). The DREQ can either be a hardware signal or a 
software command. 


Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and IOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 
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Current Word Count Registers 


+ 


Temporary Address Register 
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Temporary Word Count Register 
Status Register 

Command Register 

Temporary Register 8-Bits 
Mode Registers 
Mask Register 4-Bits 
Request Register 

Data-Width Register (See Note) 


NOTE: 82C237 only 


4-Bits 


FIGURE 2. 82C237 INTERNAL REGISTERS 


To further understand 82C237 operation, the states 
generated by each CLK cycle must be considered. The DMA 
controller operates in two major cycles, active and idle. After 
being programmed, the controller is normally idle until a 
DMA request occurs on an unmasked channel, or a software 
request is given. The 82C237 will then request control of the 
system busses and enter the active cycle. The active cycle is 
composed of several internal states, depending on what 
options have been selected and what type of operation has 
been requested. 
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The 82C237 can assume seven separate states, each 
composed of one full CLK period. State | (SI) is the idle 
state. It is entered when the 82C237 has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a RESET or Master Clear has occurred. While in Sl, 
the DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 


State 0 (SO) is the first state of a DMA service. The 82C237 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C237 may still be programmed until 
it has received HLDA from the CPU. An acknowledge from 
the CPU will signal the DMA transfer may begin. S1, S2, S3, 
and S4 are the working state of the DMA service. If more 
time is needed to complete a transfer than is available with 
normal timing, wait states (SW) can be inserted between S3 
and S4 in normal transfers by the use of the READY line on 
the 82C237. For compressed transfers, wait states can be 
inserted between S2 and S4. See timing Figures 14 and 15. 


Note that the data is transferred directly from the I/O device 
to memory (or vice versa) with IOR and MEMW (or MEMR 
and IOW) being active at the same time. The data is not read 
into or driven out of the 82C237 in 1|/O-to-memory or 
memory-to-I/O DMA transfers. 


Memory-to-memory transfers require a read-from and a write- 
to memory to complete each transfer. The States, which 
resemble the normal working states, use two-digit numbers 
for identification. Eight states are required for a single transfer. 
The first four states (S11, S12, S13, S14) are used for the 
read-from-memory half and the last four states (S21, S22, 
S23, S24) for the write-to-memory half of the transfer. 


Idle Cycle 


When no channel is requesting service, the 82C237 will 
enter the idle cycle and perform “SI” States. In this cycle, the 
82C237 will sample the DREQ lines on the falling edge of 
every CLK cycle to determine if any channel is requesting a 
DMA service. 


Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C237. When CS is low and HLDA is low, the 82C237 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by read- 
ing from or writing to the internal registers. 


The 82C237 may be programmed with the clock stopped, 
provided that HLDA is low and at least one rising CLK edge 
has occurred after HLDA was driven low, so the controller is 
in an SI state. Address lines AO-A3 are inputs to the device 
and select which registers will be read or written. The IOR 
and IOW lines are used to select and time the read or write 
operations. Due to the number and size of the internal regis- 
ters, an internal flip-flop called the First/Last Flip-Flop is 
used to generate an additional bit of address. The bit is used 
to determine the upper or lower byte of the 16-bit Address 
and Work Count registers. The flip-flop is reset by Master 
Clear or RESET. Separate software commands can also set 
or reset this flip-flop. 


Special software commands can be executed by the 82C237 
in the Program Condition. These commands are decoded as 
sets of addresses with CS, IOR, and IOW. The commands 
do not make use of the data bus. Instructions include Set 
and Clear First/Last Flip-Flop, Master Clear, Clear Mode 
Register Counter, and Clear Mask Register. 


Active Cycle 


When the 82C237 is in the Idle cycle, and a software request 
or an unmasked channel requests a DMA service, the device 
will issue HRQ to the microprocessor and enter the Active 
cycle. It is in this cycle that the DMA service will take place, 
in one of four modes: 


Single Transfer Mode - |n single transfer mode, the device 
is programmed to make one transfer only. The word count 
will be decremented and the address decremented or 
incremented following each transfer. When the word count 
“rolls over’ from zero to FFFFH, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 


DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer, HRQ will 
go inactive and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another single 
transfer will be performed, unless a higher priority channel 
takes over. In 8080A, 8085A, 80C88, or 80C86 systems, this 
will ensure one full machine cycle execution between DMA 
transfers. Details of timing between the 82C237 and other 
bus control protocols will depend upon the characteristics of 
the microprocessor involved. 


Block Transfer Mode - In Block Transfer mode, the device is 
activated by DREQ or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EOP) is encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will occur 
at the end of the service if the channel has been 
programmed for that option. 


Demand Transfer Mode -|n Demand Transfer mode the 
device continues making transfers until a TC or external 
EOP is encountered, or until DREQ goes inactive. Thus, 
transfer may continue until the I/O device has exhausted its 
data capacity. After the I/O device has had a chance to catch 
up, the DMA service is reestablished by means of a DREQ. 
During the time between services when the microprocessor 
is allowed to operate, the intermediate values of address and 
word count are stored in the 82C237 Current Address and 
Current Word Count registers. Higher priority channels may 
intervene in the demand process, once DREQ has gone 
inactive. Only an EOP can cause an Autoinitialization at the 
end of service. EOP is generated either by TC or by an 
external signal. 


Cascade Mode - This mode is used to cascade more than 
one 82C237 for simple system expansion. The HRQ and 
HLDA signals from the additional 82C237 are connected to 
the DREQ and DACK signals respectively of a channel for 
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the initial 82C237. This allows the DMA requests of the 
additional device to propagate through the priority network 
circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C237 is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active chan- 
nel in the added device. The initial 82C237 will respond to 
DREQ and generate DACK but all other outputs except HRQ 
will be disabled. An external EOP will be ignored by the initial 
device, but will have the usual effect on the added device. 


Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device’s channels. This 
forms a two-level DMA system. More 82C237s could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 


2ND LEVEL 


80C86/88 
MICRO- 
PROCESSOR 


1ST LEVEL 82C237 


DREQike———— HRQ 
DACK HLDA 


82C237 


DREQ indiana HRQ 
DACK HLDA 


82C237 


INITIAL DEVICE 


ADDITIONAL 
DEVICES 


FIGURE 3. CASCADED 82C237s 


When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device’s mask bits function normally on 
cascaded channels, so they may be used to inhibit second- 
level services. 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and Verify. 
Write transfers move data from an I/O device to the memory 
by activating MEMW and IOR. Read transfers move data 
from memory to an I/O device by activating MEMR and IOW. 


Verify transfers are pseudo-transfers. The 82C237 operates 
as in Read or Write transfers generating addresses and 
responding to EOP, etc., however the memory and 1/O 
control lines all remain inactive. Verify mode is not permitted 
for memory-to-memory operation. READY is ignored during 
verify transfers. 


Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically restored 
from the Base Address and Base Word Count registers of the 
channel following EOP. The base registers are loaded simulta- 
neously with the current registers by the microprocessor and 
remain unchanged throughout the DMA service. The mask bit 
is not set when the channel is in Autoinitialize mode. Following 
Autoinitialization, the channel is ready to perform another 
DMA service, without CPU intervention, as soon as a valid 
DREQ is detected, or software request made. 


Memory-to-Memory - To perform block moves of data from 
one memory address space to another with minimum of 
program effort and time, the 82C237 includes a memory-to- 
memory transfer feature. Setting bit 0 in the Command 
register selects channels 0 and 1 to operate as memory-to- 
memory transfer channels. 


The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The 82C237 requests a DMA service in 
the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data from 
the memory. The channel 0 Current Address register is the 
source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C237 internal Temporary reg- 
ister. Another four-state transfer moves the data to memory 
using the address in channel one’s Current Address register 
and incrementing or decrementing it in the normal manner. 
The channel 1 Current Word Count is decremented. 


When the word count of channel 1 decrements to FFFFH, a 
TC is generated causing an EOP output, terminating the 
service, and setting the channel 1 TC bit in the Status register. 
The channel 1 mask bit will also be set, unless the channel 1 
mode register is programmed for autoinitialization. Channel 0 
word count decrementing to FFFFH will not set the channel 0 
TC bit in the status register or generate an EOP or set the 
channel 0 mask bit in this mode. It will cause an autoinitializa- 
tion of channel 0, if that option has been selected. 


If full Autoinitialization for a memory-to-memory operation is 
desired, the channel 0 and channel 1 word counts must be 
set to equal values before the transfer begins. Otherwise, if 
channel 0 underflows before channel 1, it will autoinitialize 
and set the data source address back to the beginning of the 
block. If the channel 1 word count underflows before channel 
0, the memory-to-memory DMA service will terminate, and 
channel 1 will autoinitialize but channel 0 will not. 


In memory-to-memory mode, Channel O may be 
programmed to retain the same address for all transfers. 
This allows a single byte to be written to a block of memory. 
This channel 0 address hold feature is selected by setting bit 
1 in the Command register. 


The 82C237 will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e. after an 
S24 state). It should be noted that an external EOP cannot 
cause the channel 0 Address and Word Count registers to 
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autoinitialize, even if the Mode register is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programmed. Data comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory-to- 
memory transfers in found in Figure 13. Memory-to-memory 
operations can be detected as an active AEN with no DACK 
outputs. 


Priority - The 82C237 has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based upon 
the descending value of their numbers. The channel with the 
lowest priority is 3 followed by 2, 1 and the highest priority 
channel, 0. After the recognition of any one channel for ser- 
vice, the other channels are prevented from interfering with 
the service until it is completed. 


The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from the 
channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 


Rotating Priority 


1ST 2nd 3rd 
SERVICE SERVICE SERVICE 
Highest 0 


2 «— Service 3<— Service 
1¢+— Service < meet 
Lowest 2 \ 0 1 
3 1 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. 


Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 82C237. 


Compressed Timing -In order to achieve even greater 
throughput where system characteristics permit, the 82C237 
can compress the transfer time to two clock cycles. From 
Figure 12 it can be seen that state S3 is used to extend the 
access time of the read pulse. By removing state S3, the 
read pulse width is made equal to the write pulse width and 
a transfer consists only of state S2 to change the address 
and state S4 to perform the read/write. S1 states will still 
occur when A8-A15 need updating (see Address 
Generation). Timing for compressed transfers is found in Fig- 
ure 15. EOP will output in S2 if compressed timing is 
selected. Compressed timing is not allowed for memory-to- 
memory transfers. 


Address Generation - In order to reduce pin count, the 
82C237 multiplexes the eight higher order address bits on 
the data lines. State S1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 


lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C237 
directly. Lines AO-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between CLK, 
AEN, ADSTB, DBO-DB7 and AO-A7. 


During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place in 
the normal sequence of addresses. To save time and speed 
transfers, the 82C237 executes S1 states only when 
updating of A8-A15 in the latch is necessary. This means for 
long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock cycles 
for each 256 transfers. 


Programming 


The 82C237 will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising CLK edge has occurred after HLDA went low. It is the 
responsibility of the host to assure that programming and 
HLDA are mutually exclusive. 


Note that a problem can occur if a DMA request occurs on 
an unmasked channel while the 82C237 is being pro- 
grammed. For instance, the CPU may be starting to repro- 
gram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C237 is enabled 
(bit 2 in the Command register is 0), and channel 1 is 
unmasked, a DMA service will occur after only one byte of 
the Address register has been reprogrammed. This condi- 
tion can be avoided by disabling the controller (setting bit 2 
in the Command register) or masking the channel before 
programming any of its registers. Once the programming is 
complete, the controller can be enabled/unmasked. 


After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 


Register Description 


Current Address Register - Each channel has a_ 16-bit 
Current Address register. This register holds the value of the 
address used during DMA transfers. The address is auto- 
matically incremented or decremented by one after each 
transfer and the values of the address are stored in the Cur- 
rent Address register during the transfer. This register is writ- 
ten or read by the microprocessor in successive 8-bit bytes. 
See Figure 6 for programming information. It may also be 
reinitialized by an Autoinitialize back to its original value. 
Autoinitialize takes place only after an EOP. In memory-to- 
memory mode, the channel 0 Current Address register can 
be prevented from incrementing or decrementing by setting 
the address hold bit in the Command register. 
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Current Word Count Register - Each channel has a 16-Bit 
Current Word Count register. This register determines the 
number of transfers to be performed. The actual number of 
transfers will be one more than the number programmed in 
the Current Word Count register (i.e., programming a count 
of 100 will result in 101 transfers). The word count is 
decremented after each transfer. When the value in the 
register goes from zero to FFFFH, a TC will be generated. 
This register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. See Figure 6 
for programming information. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialization 
back to its original value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitialized, this register 
will have a count of FFFFH after TC. 


Base Address and Base Word Count Registers - Each 
Channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize these 
values are used to restore the current registers to their 
original values. The base registers are written simulta- 
neously with their corresponding current register in 8-bit 
bytes in the Program Condition by the microprocessor. See 
Figure 6 for programming information. These registers can- 
not be read by the microprocessor. 


Command Register - This 8-bit register controls the opera- 
tion of the 82C237. It is programmed by the microprocessor 
and is cleared by RESET or a Master Clear instruction. The 
following diagram lists the function of the Command register 
bits. See Figure 4 for Read and Write addresses. 


Command Register 


BBEZEME 


BIT NUMBER 


0 Memory-to-memory disable 
1 Memory-to-memory enable 


Channel 0 address hold disable 
1 Channel 0 address hold enable 
X If bitO=0 


Controller enable 
1 Controller disable 


Normal timing 
1 Compressed timing 
X If bitO=1 


0 Fixed priority 
1 Rotating priority 


0 Late write selection 
1 Extended write selection 
X Ifbit3=1 


0 DREQ sense active high 
1 DREQ sense active low 


DACK sense active low 
1 DACK sense active high 


Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program condition, bits 0 and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 


Mode Register 


rattan daometa tenes gene aa) mere gece! 


BIT NUMBER 


00 Channel 0 select 
01 Channel 1 select 
10 Channel 2 select 
11. Channel 3 select 
XX Readback 


00 Verify transfer 

01 Write transfer 

10 Read transfer 

11 Illegal 

XX If bits 6 and 7 = 11 


0 Autoinitialization disable 
1 Autoinitialization enable 


0 Address increment select 
1 Address decrement select 


00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 


Request Register - The 82C237 can respond to requests 
for DMA service which are initiated by software as well as by 
a DREQ. Each channel has a request bit associated with it in 
the 4-bit Request register. These are non-maskable and 
subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a RESET or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register 
address coding, and the following diagram for Request 
register format. A software request for DMA operation can 
be made in block or single modes. For memory-to-memory 
transfers, the software request for channel O should be set. 
When reading the Request register, bits 4-7 will always read 
as ones, and bits 0-3 will display the request bits of channels 
0-3 respectively. 


Mode Register 


BOUGGe 


——» 


BIT NUMBER 


00 Select Channel 0 


Don’t Care, 
Write 01 Select Channel 1 
He 4-7 10 Select Channel 2 
nes, 
Rand 11 Select Channel 3 


Reset request bit 
1 Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register 
is also set by a RESET or Master clear. This disables all hard- 
ware DMA requests until a Clear Mask Register instruction 
allows them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits 0-3 will display the mask bits of 
channels 0-3, respectively. The 4-bits of the mask register 
may be cleared simultaneously by using the Clear Mask Reg- 
ister command (see software commands section). 


Mask Register 


WOBGBEE 


—-——_ 


BIT NUMBER 


00 Select channel 0 mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit 


Don’t Care, 


Clear mask bit 
1 Set mask bit 


All four bits of the Mask register may also be written with a 
single command. 


eee eee 


BIT NUMBER 


Clear channel 0 mask bit 
1 Set channel 0 mask bit 


Clear channel 1 mask bit 
1 Set channel 1 mask bit 


Clear channel 2 mask bit 
1 Set channel 2 mask bit 


Clear channel 3 mask bit 
1 Set channel 3 mask bit 


Status Register - The Status register is available to be read 
out of the 82C237 by the microprocessor. It contains 
information about the status of the devices at this point. This 
information includes which channels have reached a terminal 
count and which channels have pending DMA requests. Bits 
0-3 are set every time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon RESET, 
Master Clear, and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting service, 
regardless of the mask bit state. If the mask bits are set, soft- 
ware can poll the Status register to determine which channels 
have DREQs, and selectively clear a mask bit, thus allowing 
user defined service priority. Status bits 4-7 are updated while 
the clock is high, and latched on the falling edge. Status Bits 
4-7 are cleared upon RESET or Master Clear. 


Status Register 


HORROR 


BIT NUMBER 
1 Channel 0 has reached TC 
1 Channel 1 has reached TC 
1 Channel 2 has reached TC 
1 Channel 3 has reached TC 
1 Channel 0 request 
1 Channel 1 request 
1 Channel 2 request 
1 Channel 3 request 
Temporary Register - The Temporary register is used to hold 
data during memory-to-memory transfers. Following the com- 
pletion of the transfers, the last byte moved can be read by the 
microprocessor. The Temporary register always contains the 


last byte transferred in the previous memory-to-memory oper- 
ation, unless cleared by a RESET or Master Clear. 


Read Status Register 
Write Command Register 
Read Request Register 
Write Request Register 
Read Command Register 
Write Single Mask Bit 
Read Mode Register 
Write Mode Register 

Set First/Last F/F 

Clear First/Last F/F 

Read Temporary Register 
Master Clear 

Clear Mode Reg. Counter 
Clear Mask Register 
Read All Mask Bits 

Write All Mask Bits 
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FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 


There are special software commands which can be 
executed by reading or writing to the 82C237. These com- 
mands do not depend on the specific data pattern on the 
data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 


Clear First/Last Flip-Flop - This command is executed prior 
to writing or reading new address or word count information 
to the 82C237. This command initializes the flip-flop to a 
known state (low byte first) so that subsequent accesses to 
register contents by the microprocessor will address upper 
and lower bytes in the correct sequence. 


Set First/Last Flip-Flop - This command will set the flip-flop 
to select the high byte first on read and write operations to 
address and word count registers. 


Master Clear - This software instruction has the same effect 
as the hardware RESET. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask register 
is set. The 82C237 will enter the idle cycle. 


Clear Mask Register - This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 


Clear Mode Register Counter - Since only one address 
location is available for reading the Mode registers, an inter- 
nal two-bit counter has been included to select Mode regis- 
ters during read operation. To read the Mode registers, first 
execute the Clear Mode Register Counter command, then 
do consecutive reads until the desired channel is read. Read 
order is channel 0 first, channel 3 last. The lower two bits on 
all Mode registers will read as ones. 


External EOP Operation 


The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up resis- 
tor to Vcc is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is important to note that the 82C237 will not accept 
external EOP signals when it is in an SI (Idle) state. The 
controller must be active to latch EXT EOP. Once latched, 
the EXT EOP will be acted upon during the next S2 state, 
unless the 82C237 enters an idle state first. In the latter 
case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C237 is in an SI state. 


16-Bit Transfer Mode 


The 82C237 is fully software and pin for pin compatible with 
the 82C37A. Therefore, the 82C237 may be used as a faster 
82C37A without modifications to software or hardware. The 
82C237 may be used as an 82C37A, however, the 82C237 
has an additional feature in that it may be programmed to 
perform 16-bit DMA transfers, thus doubling data transfer 
rate. In 16-bit transfer mode the device operates the same 
as in normal (8-bit) transfer mode with exceptions noted in 
this section. 


16-Bit Transfer Mode Initialization - To initialize the 
82C237 to 16-bit Transfer Mode, a specific sequence of soft- 
ware commands must be written to the device immediately 
after a hardware RESET or a Master Clear instruction. The 
sequence to initialize 16-bit Transfer Mode is as follows: 


1) Hardware RESET or Master Clear 
2) Set First/Last Flip-Flop 
3) Clear First/Last Flip-Flop 


These software commands must occur sequentially with no 
communication to or from the 82C237 between commands. 
Once in 16-bit mode, the device will remain in this mode until 
a hardware RESET or Master Clear sets it back to normal 
(8-bit) transfer mode. If this initialization sequence is not fol- 
lowed exactly, the 82C237 will operate exactly like the 
82C37A or the 82C237 in normal 8-bit mode. 


16-Bit DMA Transfers - In 16-bit transfer mode, each DMA 
channel may be programmed to perform 8-bit or 16-bit trans- 
fers. Channels which are programmed to perform 8-bit trans- 
fers will operate like a normal 82C37A transfer. On channels 
programmed to perform 16-bit transfers, the Current 
Address register, which is normally incremented or decre- 
mented by one after each transfer, is incremented or decre- 
mented by two after each transfer. Also, the Current Word 
Count register, which is normally decremented by one after 
each transfer, is decremented by two after each transfer. 


16-Bit Memory-to-Memory Transfers - 16-bit memory-to- 
memory transfers require an external latch to temporarily 
store the 8 most significant bits of data. When 16-bit transfer 
mode is enabled, Pin 5 (DWLE) becomes an active output 
which may be used to enable the external data latch during 
memory-to-memory operations. See Figure 9 for a 16-bit 
DMA application. Channels 0 and 1 operate as memory-to- 
memory transfer channels. IF either channel 0 or channel 1 
is programmed to perform 16-bit transfers when a memory- 
to-memory transfer is initiated, the transfer will be a 16-bit 
transfer. If 8-bit memory-to-memory transfers are desired 
while the 82C237 is in 16-bit transfer mode, channels 0 and 
1 must both be programmed for 8-bit transfers. 


Pin 5 DWLE Output - When the 82C237 is initialized to 16- 
bit transfer mode, pin 5 is always high impedance three- 
stated. This insures compatibility with the 82C37A pin 5 
description. In 16-bit transfer mode, this output becomes 
active and serves a dual purpose. 


During the S1 cycle of a transfer, the DWLE output indicates 
the data width (0 = 16-bit, 1 = 8-bit) of the active channel. 
This signal may be used with the AO output to generate a 
High Byte Enable signal for use in chip select decode logic. 
Since DWLE is a multiplexed pin, Data Width information 
needs to be captured in an external latch on the falling edge 
of ADSTB. See Figure 9 for a 16-bit DMA application. 


During memory-to-memory transfer, the DWLE output is 
used to enable an external latch which temporarily stores the 
8 most significant bits of data during the read-from-memory 
half of the transfer. DWLE enables this byte of data onto the 
data bus during the write-to-memory half of the transfer. See 
Figure 9 for a 16-bit DMA application. 
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If an active channel is cascaded, as defined by its mode reg- 
ister, DWLE will be driven low at the start of the transfer, and 
will remain low for the entire transfer. This allows the DWLE 
signal from the slave 82C237 to control the system. To form 
the system DWLE signal for cascaded 82C237s, simply “OR” 
the individual DWLE outputs of the Master and Slaves. 


Registers Affected by 16-Bit 
Transfer Mode 


Current Address Register - Each channel has a 16-bit Cur- 
rent Address register. This register holds the value of the 
address used during DMA transfers. On channels _ pro- 
grammed to perform 8-bit DMA transfers, the address is 
automatically incremented or decremented by one after 
each transfer. On channels programmed for 16-bit DMA 
transfers, the address is automatically incremented or decre- 
mented by two after each transfer. 


During all 16-bit transfers, the AO output will remain low for 
the entire transfer, even if an odd address is programmed 
into the channel’s Current Address register (i.e. only even 
word addresses will be generated). 


The Current Address register is written or read by the micro- 
processor in successive 8-bit bytes. See Figure 6 for pro- 
gramming information. It may also be reinitialized by an 
Autoinitialize back to its original value. Autoinitialize takes 
place only after an EOP. In memory-to-memory mode, the 
channel 0 Current Address register can be prevented from 
incrementing or decrementing by setting the address hold bit 
in the Command register. 


Current Word Count Register - Each channel has a 16-bit 
Current Word Count register. This register determines the 
number of transfers to be performed. On channels pro- 
grammed for 8-bit transfers, the actual number of transfers 
will be one more than the number programmed in the Cur- 
rent Word Count register (i.e. programming a count of 100 
will result in 101 transfers). The word count is decremented 
by one after each transfer on 8-bit transfer channels. 


On channels programmed for 16-bit transfers, the word 
count is decremented by two after each transfer. This means 
that for even values in the Current Word Count register, the 
actual number of transfers will be n/2 + 1, where n is the 
value in the Current Word Count register. For odd values in 
this register, the actual number of transfers will be (n+1)/2. 
When the value in the Current Word Count register decre- 
ments past zero (i.e. O to FFFEH or 1 to FFFFH), a TC will 
be generated. 


This register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. See Figure 6 
for programming information. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialization 
back to its original value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitialized, this register 
will have a count of FFFFH after TC on 8-bit transfers, or 
FFFEH after TC on 16-bit transfers. 


Data-Width Register - When 16-bit transfer mode is enabled, 
the Data-Width register becomes accessible and is used to 
program each DMA channel to perform either 8-bit transfers 


or 16-bit transfers. Data bits 4-7 represent DREQ channels 0- 
3 respectively and determine the data width (8-bit or 16-bit) of 
each channel during DMA transfers. When programming this 
register, bit 3 of the data must be set to “O”. Since the address 
of the Data-Width register is the same as the Mask register, 
bit 3 selects which register is actually written. 


Data-Width Register - 16-bit transfer mode enabled 


ba i edad 
ballad 


BIT NUMBER 
Don’t Care 


Must be 0 to write all 
data - width bits 


Channel 0 = 16-bit transfers 
Channel 0 = 8-bit transfers 


Channel 1 = 16-bit transfers 
Channel 1 = 8-bit transfers 


Channel 2 = 16-bit transfers 
Channel 2 = 8-bit transfers 


Channel 3 = 16-bit transfers 
Channel 3 = 8-bit transfers 


Mask Register - In 16-bit transfer mode this register oper- 
ates the same as the previous Mask register description with 
the exception of bit 3 when writing the instruction to sepa- 
rately set or clear a mask bit. Bit 3 of the data must be “1” 
when writing a single mask bit. Bits 4-7 are ignored when 
this instruction is written. Refer to the following diagram for 
writing single mask bits. 


Mask Register - 16-bit transfer mode enabled 


BOMER EEE 


Don’t Care 


BIT NUMBER 


00 Select channel 0 mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit 


QO Clear mask bit 
1 Set mask bit 


1 Must be 1 to write single 
mask bit 


The software command to write all four bits of the Mask reg- 
ister has no effect on the state of the Data-Width bits. 


When reading the Mask/Data-Width register (they share the 
same address), bits 0-3 will always display the mask bits of 
channels 0-3, respectively. With 16-bit transfer mode not 
enabled, bits 4-7 will always read as logical ones. With 16-bit 
transfer mode enabled, bits 4-7 will display the data-width 
bits for channels 0-3 respectively. 


The Mask and Data-Width registers are set by RESET or 
Master Clear. This disables all hardware DMA requests until 
a clear mask bit instruction allows them to be recognized. 
RESET or Master Clear forces the Mask and Data-Width 
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registers to operate as in normal mode (Data-Width register 
not accessible) until 16-bit transfer mode is again entered. 
The four mask bits may also be cleared simultaneously by 
using the Clear Mask Register command (see software com- 
mands section). This command has no effect on the data- 
width bits. 


Temporary Register - The internal Temporary register is 
used to hold data during memory-to-memory transfers. Fol- 
lowing the completion of the transfers, the last byte moved 
can be read by the microprocessor. In the case of 16-bit 
transfers, only the least significant 8-bits of the last word 
transferred are stored in this register. The Temporary regis- 
ter always contains the last byte transferred in the previous 
memory-to-memory operation, unless cleared by a RESET 
or Master Clear. 


Software Commands Affected by 
16-Bit Mode 


Master Clear - This software instruction has the same effect 
as the hardware RESET. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask register 
is set. When the Master Clear instruction occurs while in 16- 
bit transfer mode, the 82C237 enters normal (8-bit) transfer 
mode in the Idle cycle. 


Clear Mask Register - This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 
This command has no effect on data-width bits in 16-bit 
transfer mode. 


Read Status Register 
Write Command Register 
Read Request Register 
Write Request Register 
Read Command Register 
Write Single Mask Bit (Note 1) 
Write All Data-Width Bits (Notes 1, 2) 
Read Mode Register 
Write Mode Register 
Set First/Last F/F 
Clear First/Last F/F 
Read Temporary Register 
Master Clear 
Clear Mode Reg. Counter 
Clear Mask Register 
Read All Mask/Data-Width Bits (Note 2) 
Write All Mask Bits 
NOTES: 
1. The register to be written is determined by data bit 3. 
2. Data-Width bits exist in 820237, 16-bit mode only. 
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FIGURE 5. 16-BIT MODE SOFTWARE COMMAND CODES AND REGISTER CODES 
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FIGURE 6. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 


Figure 7 shows an application for a DMA system utilizing the 
82C237 DMA controller and the 80C88 Microprocessor. In 
this application, the 82C237 DMA controller is used to 
improve system performance by allowing an I/O device to 
transfer data directly to or from system memory. 


Components 


The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times required 
by the 82C237 DMA controller. The four OR gates are used 
to support the 80C88 Microprocessor in minimum mode by 
producing the control signals used by the processor to 
access memory or I/O. A decoder is used to generate chip 
select for the DMA controller and memory. The most signifi- 
cant bits of the address are output on the address/data bus. 
Therefore, the 82C82 octal latch is used to demultiplex the 


DECODER 


address. Hold Acknowledge (HLDA) and Address Enable 
(AEN) are “ORed” together to insure that the DMA controller 
does not have bus contention with the microprocessor. 


Operation 


A DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue a 
Hold request (HRQ) to the processor. The system busses 
are not released to the DMA controller until a Hold Acknowl- 
edge signal is returned to the DMA controller from the 
80C88 processor. After the Hold Acknowledge has been 
received, addresses and control signals are generated by 
the DMA controller to accomplish the DMA transfers. Data is 
transferred directly from the I/O device to memory (or vice 


versa) with IOR and MEMW (or MEMR and IOW) being 
active. Note that data is not read into or driven out of the 
DMA controller in |/O-to-memory or memory-to-I/O data 
transfers. 


Voc 


82C237 


82C84A g ADDRESS BUS 
OR DOM aa ae, é 
82C85 0 
STB y , OE 
me me ee 
a Baa La a, 
OE STB 
Vec é 4 
; 82C82 6 g  82C82 
§ DATABUS 4#aaaa. 
Voc ¢ 
y 
47KQ 
y \/ 
rT) > MEMR # ADDRESS BUS 
"Aietteteti 
rT) ))}— MEMW 
MEMORY 
1OR vo 
»> MEM DEVICE 
E>» iow MEMA DATA BUS iOR 
MEMW 1Ow 


NOTE: The address lines need pull-up resistors. 


FIGURE 7. APPLICATION FOR DMA SYSTEM 
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Figure 8 shows an application for a DMA system using the 
82C237 DMA controller and the 80C286 Microprocessor. 


In this application, the system clock comes from the 82C284 
clock generator PCLK signal which is inverted to provide 
proper READY setup and hold times to the DMA controller in 
an 80C286 system. The Read and Write signals from the 
DMA controller may be wired directly to the Read/Write con- 
trol signals from the 82C288 Bus Controller. The octal latch 


80C286 
A0-A23 


CHIP SELECT 
| DECODE TO MEMORY/ 
PERIPHERALS 


DREQ 0-3 


for A8-A15 from the DMA controller's data bus is on the local 
80C286 address bus so that memory chip selects may still 
be generated during DMA transfers. The transceiver on AO- 
A7 is controlled by AEN and is not necessary, but may be 
used to drive a heavily loaded system address bus during 
transfers. The data bus transceivers simply isolate the DMA 
controller from the local microprocessor bus and allow pro- 
gramming on the upper or lower half of the data bus. 


MEMR 
MEMORY MENMW 
MEMCS 


LATCH 


DEVICE 
jOw 
DREQ 
cs DACK 


a TO CORRESPONDING 
82C288 SIGNALS AND 
MEMR MEMORY/PERIPHERALS 


DACK 0-3 


FIGURE 8. 80C286 DMA APPLICATION 
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Figure 9 shows the data bus for a 16-bit DMA application 
with the 82C237. High memory and low memory are 
selected accordingly with AO and the 8/16 signal during DMA 
transfers. The 8/16 signal is formed from DWLE with a D flip- 
flop and ADSTB. ADSTB must be inverted to the D flip-flop 
since DWLE is set up to the falling edge of ADSTB and the 
74F74 latches data on the rising edge of CLK. 


80C286 
D8-D15 


82C237 
DO-D7 


MEMCS 
FROM DECODER 


NOTE: Only needed for memory-to-memory transfers. 


The ADSTB inverted could be eliminated by using a 74F75 
falling edge D latch. The latch on D8-D15 is needed for 16- 
bit memory-to-memory transfers. The upper eight bits of 
data are latched by MEMR during the read half of the trans- 
fer. The data is then enabled onto the data bus during the 
write half of the transfer. 


TRANSCEIVER 
TRANSCEIVER 


D8-D15 HIGH 
nA MEMORY 
a cS 


LOW 
MEMORY 


ce mat 
VO 
DEVICE 
VO 
DEVICE 


FIGURE 9. DATA BUS FOR 16-BIT DMA APPLICATION 
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Absolute Maximum Ratings Thermal Information 
Gupply VONAGE « <eccucdecavsduseweressaevedeecnebise +8.0V Thermal Resistance (Typical) Bja (CCIW) Bye (PCCW) 
Input, Output or I/O Voltage ........... GND -0.5V to Vcc +0.5V CERDIP Package ................ 50 10 
ESO CISSSHICAHON sc nxeantedeneadeenndae endure eps Class 1 CLCC Package .................. 65 14 
PDIP PACKAGG ..2< x cave ceccencess 55 N/A 
Operating Conditions PLOC Package ........20eccesus: 50 N/A 
Operating Voltage Range.................000. +4.5V to+5.5V Storage Temperature Range.................. -65°C to +150°C 
Operating Temperature Range Maximum Junction Temperature Ceramic Package ....... +175°C 
oY 0°C to +70°C Maximum Junction Temperature Plastic Package......... +150°C 
RACE ET ni cvevaawaebarecnanesreearenasas -40°C to +85°C | Maximum Lead Temperature (Soldering 10s)............ +300°C 
WROG2OT ows icnesseeevenshabenseonenvs -55°C to +125°C Ceramic Package 
Maximum Lead Temperature (Soldering 10s)............ +260°C 


Plastic Package 


Die Characteristics 
PAGS LOU =. ck v2 ead Oe Hee h esas awd edi nwebntnnnd 2325 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = +5.0 +10%, Ta = 0°C to +70°C (C82C237) 
Ta = -40°C to +85°C (1820237) 
Ta = -55°C to +125°C (M82C237) 


a 
ce a 
OR 


vic | CLK Input Logical Zero Voltage | 
VOH | Output HIGH Voltage = IOH = -2.5mA 
IOH = -100nA 


Output LOW Voltage IOL = +2.5mA all output except EOP, 
IOL = +3.2mA for EOP pin 36 only. 


Input Leakage Current VIN = GND or Vcc, Pins 6, 7, 11-13, 16-19 


Output Leakage Current VOUT = GND or Vcc, Pins 1-5, 21-23, 26-30, 
32-40 
ICCSB Standby Power Supply 
Current 
ICCOP Operating Power Supply 
Current 


Capacitance T, =+25°C 


a 
2 a A 


Voc = 5.5V, VIN = Voc or GND, Outputs 
Open 


mA/MHz | Vcc = 5.5V, CLK FREQ = Maximum, 
VIN = Vcc or GND, Outputs Open 


SYMBOL 


TEST CONDITIONS 


FREQ = 1MHz, All measurements are 
referenced to device GND 
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AC Electrical Specifications Vcc = +5.0V +10%, GND = OV, Ta = 0°C to +70°C (C82C237), 
Ta = -40°C to +85°C (1820237), 
Ta = -55°C to +125°C (M82C237) 


820237 82C237-12 
SYMBOL PARAMETER | MIN | 


MIN 
DMA (MASTER) MODE 

ae 

= 


UNITS 


(1)TAEL AEN HIGH from CLK LOW (S1) Delay Time  * 
(2)TAET AEN LOW from CLK HIGH (SI) Delay Time | = | 
(3) TAFAB ADR Active to Float Delay from CLK HIGH aa 


aTare 
(5)TAFDB DB Active to Float Delay from CLK HIGH 

ora Torr 
Gas Tou 
rar Tors 
om 


TCY-65 
TCL-18 
TCY-50 


(10)TASM ADR Stable from CLK HIGH 
(11)TASS DB to ADSTB LOW Setup Time TCH-20 


TCH-20 


(12)TCH CLK HIGH Time (Transitions 10ns) 

(13)TCL CLK LOW Time (Transitions 10ns) 43 

(14)TCY CLK Cycle Time 25 
5 
5 


(TOOT 
wre 
ice 
coe 
aOrePs : 


(21)TEPW EOP Pulse Width 3 


(22)TFAAB ADR Valid Delay from CLK HIGH 


(23)TFAC READ or WRITE Active from CLK HIGH 
(24) TFADB DB Valid Delay from CLK HIGH 
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(26) TIDH Input Data from MEMR HIGH Hold Time ; et 
27)TIDS Input Data to MEMR HIGH Setup Time | 90 | 
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MAX 
om 
ae 
a 
=a 
ms 
aan 
=z 
LG 
<a 
oe! 
sz 
nae 
=m 
Ls 
ae 
= 
| 
a 
a 
La 
a 
a 
ah 
ae 
La 


105 
55 
75 
135 
75 
70 
120 
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AC Electrical Specifications Vcc¢ = +5.0V +10%, GND = OV, Ta = 0°C to +70°C (C82C237), 
Ta = -40°C to +85°C (1820237), 
Ta = -55°C to +125°C (M82C237) (Continued) 


820237 82C237-12 
SYMBOL PARAMETER 
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Timing Waveforms 


TAWL 
(42) TWA (52) 
A0-A3 ‘ INPUT VALID > 


TDW TWD (54) 
rs | T 
DBO -DB7 ’ INPUT VALID , 


FIGURE 10. SLAVE MODE WRITE 


NOTE: Successive WRITE accesses to the 82C237 must allow at least TCY as recovery time between accesses. A TCY recovery time must 
be allowed before executing a WRITE access after a READ access. 


A0-A3 


DBO -DB7 


DATA OUT VALID a> 


FIGURE 11. SLAVE MODE READ 


NOTE: Successive READ accesses to the 82C237 must allow at least TCY as recovery time between accesses. A TCY recovery time must 
be allowed before executing a READ access after a WRITE access. 
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Timing Waveforms (Continued) 
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DREQ 


HR 


i?) 


DWLE 

(SEE NOTE) 
HLDA 

AEN 


ADSTB 


DBO0-DB7 
A0-A7 


DACK 


INT EOP 


NOTE: For 16-bit mode, 82C237 only. In 8-bit mode this signal is always high impedance three-stated. Waveform shown is for an 8-bit transfer 
with the 82C237 programmed in 16-bit mode. For a 16-bit transfer, DWLE will go low at least TASS before the falling edge of ADSTB in S2, 
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FIGURE 12. DMA TRANSFER 


4-169 


TCH 
(12) 


CMOS 
PERIPHERALS 


820237 


Timing Waveforms (Continued) 


so S11 $12 $13 $14 $21 $22 $23 $24 $11/SI 
CLK 
TCLSH 
(33) (33) 
CLSH ] 
ADSTB Aa 
oman & 5" TAFAB 
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TFADB (24) 
DBO-DB7 
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TFAC (23) —» _ <r | ms> ~<«— (4) 
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TAFAC 
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MEMW EXTENDED WRITE | 
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(SEE NOTE) 
EOP 
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EXT EOP 


FIGURE 13. MEMORY-TO-MEMORY TRANSFER 


NOTE: For 16-bit mode, 82C237 only. In 8-bit mode this signal is always high impedance three-stated. Waveform shown is for a 16-bit memory-to-memory 
transfer. For an 8-bit transfer in 16-bit mode, DWLE will go high at least TASS before the falling edge of ADSTB in S2, then low TAHS after the falling 
edge of ADSTB, and will remain low until the next ADSTB where the cycle is repeated. 
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FIGURE 14. READY 


NOTE: READY must not transition during the specified setup and hold times. 
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Timing Waveforms (Continued) 
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(40) 
TDCTW 
WRITE ~~ 
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READY 
FIGURE 15. COMPRESSED TRANSFER 
Voc ee a (48) TRSTD ————_» 
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FIGURE 16. RESET ” 
a 
AC Test Circuits AC Testing Input, Output Waveforms = 
oO. 
v1 Oo. 
VIH + 0.4V VOH i 
RI i 5! a Ea a. 
OUTPUT FROM VIL - 0.4V VOL 
DEVICE UNDER TEST POINT 
TEST 
Ci* Z—>LORH VOH VOH LORH->Z 
= OUTPUT nae Rit} ee OUTPUT 
* Includes STRAY and FIXTURE Capacitance VOL VOL 


TEST CONDITION DEFINITION TABLE 


SO 
a 


NOTE: AC Testing: All AC Parameters tested as per test circuits. In- 
put RISE and FALL times are driven at Ins/V. CLK input must 
switch between VIHC +0.4V and VILC -0.4V 


4-171 


820237 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
148 x 159 x 19 +1 mils Type: Nitrox Basak 
METALLIZATION: Thickness: 10k/A + 3 
Type: 51Al WORST CASE CURRENT DENSITY: 
Thickness: 8kA + 0.75kA 0.6 x 10° A/cm? 


Metallization Mask Layout 
82C237 
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Features 
¢ Generates System Clock for 80C286 Processors 


e Generates System Reset Output from Schmitt 
Trigger Input 


- Improved Hysteresis 


Uses Crystal or External Signal for Frequency Source 


Dynamically Switchable between Two Input 
Frequencies 


Provides Local READY and MULTIBUS® READY 
Synchronization 


Static CMOS Technology 
Single +5V Power Supply 
Available in 18 Lead CerDIP Package 


Pinout 


82C284 (CERDIP) 
TOP VIEW 


SRDY 
SRDYEN 


ARDYEN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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82C284 


Clock Generator and Ready Interface 
for 80C286 Processors 


Description 


The Harris 82C284 is a clock generator/driver which 
provides clock signals for 80C286 processors and support 
components. It also contains logic to supply READY to the 
CPU from either asynchronous or synchronous sources and 
synchronous RESET from an asynchronous input with 
hysteresis. 


Ordering Information 


PART NUMBER | TEMP. RANGE seine. | oe 


CD82C284-12 0°C to+70°C =| 18Ld CERDIP | F18.3 


ID82C284-10 -40°C to +85°C | 18 Ld CERDIP | F18.3 
ID82C284-12 -40°C to +85°C | 18 Ld CERDIP | F18.3 


Functional Diagram 
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SYNCHRONIZER 
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Pin Descr iption The following pin function descriptions are for the 82C284 clock generator. 


PIN 

SYMBOL ona TYPE DESCRIPTION 

CLK 10 SYSTEM CLOCK: the signal used by the processor and support devices which must be synchro- 
nous with the processor. The frequency of the CLK output has twice the desired internal processor 
clock frequency. CLK can drive both TTL and CMOS level inputs. 

F/C FREQUENCY/CRYSTAL SELECT: this pin selects the source for the CLK output. When there is a 
LOW level on this input, the internal crystal oscillator drives CLK. When there is a HIGH level on F/C, 
the EFI input drives the CLK input. This pin can be dynamically switched, which allows changing the 
processor CLK frequency while running for low-power operation, etc. 

X1, X2 7,8 CRYSTAL IN: the pin stop which parallel resonant, fundamental mode crystal is attached for the in- 
ternal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at the crystal fre- 
quency. The crystal frequency must be twice the desired internal processor clock frequency. 

EFI EXTERNAL FREQUENCY IN: drives CLK when the F/C input is HIGH. The EFI input frequency 
must be twice the desired internal processor clock frequency. 

PCLK 13 PERIPHERAL CLOCK: the output which provides a 50% duty cycle clock with one-half the frequen- 
cy of CLK. PCLK will be in phase with the internal processor clock following the first bus cycle after 
the processor has been reset. 

ARDYEN 17 ASYNCHRONOUS READY ENABLE: an active LOW input which qualifies the ARDY input. 
ARDYEN selects ARDY as the source of READY for the current bus cycle. Inputs to ARDYEN may 
be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed response 
to synchronous outputs. 

- ae 

SRDYEN 
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold time must be 
satisfied for proper operation. 

SRDY SYNCHRONOUS READY: an active LOW input used to terminate the current bus cycle. The SRDY 
input is qualified by the SRDYEN input. Setup and hold time must be satisfied for proper operation. 

READY READY: an active LOW output which signals to the processor that the current bus cycle is to be com- 
pleted. The SRDY SRDYEN, ARDY, ARDYEN, S1, SO, and RES inputs control READY as explained 

: - _ 


ASYNCHRONOUS READY: an active LOW input used to terminate the current bus cycle. The ARDY 
input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to CLK. Setup and 
hold times are given to assure a guaranteed response to synchronous outputs. 


SYNCHRONOUS READY ENABLE: an active LOW input which qualifies SRDY. SRDYEN selects 


later in the READY generator section. READY is an open drain output requiring an external pull-up 
resistor. 


STATUS: these inputs prepare the 82C284 for a subsequent bus cycle. SO and S71 synchronize 
PCLK to the internal processor clock and control READY. Setup and hold times must be satisfied for 
proper operation 


RESET: an active HIGH output which is derived from the RES input RESET is used to force the sys- 
tem into an initial state. When RESET is active, READY will be active (LOW). 


RESET IN: an active LOW input which generates the system reset signal (RESET). Signals to RES 
may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES, so that an RC 
circuit can be used to provide a time delay. Setup and hold times are given to assure a guaranteed 
response to synchronous inputs. 


SYSTEM POWER: The +5V Power Supply Pin. A 0.1.F capacitor between Vcc and GND is recom- 
mended for decoupling. 


SYSTEM GROUND: OV 
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Functional Description 


Introduction 


The 82C284 generates the clock, ready, and reset signals 
required for 80C286 processors and support components. 
The 82C284 is packaged in an 18-pin DIP and contains a 
crystal controlled oscillator, clock generator, peripheral clock 
generator, MULTIBUS® ready synchronization logic, and 
system reset generation logic. 


Clock Generator 


The CLK output provides the basic timing control for an 
80C286 system. CLK has output characteristics sufficient to 
drive CMOS devices. CLK is generated by either an internal 
crystal oscillator, or an external source as selected by the 
F/C input pin. When F/C is LOW, the crystal oscillator drives 
the CLK output. When F/C is HIGH, the EFI input drives the 
CLK output. 


The F/C pin on the Harris 82C284 is dynamically switchable. 
This allows the CLK frequency to the processor to be 
changed from one frequency to another in a running system. 
With this feature, a system can be designed which operates 
at maximum speed when needed, and then dynamically 
switched to a lower frequency to implement a low-power 
mode. The lower frequency can be anything down to, but 
excluding, DC. The following 3 conditions apply when 
dynamically switching the F/C pin (see Figure 1): 


1) The CLK is stretched in the low portion of the 02 phase 
of its cycle during transition from one CLK frequency to 
the other (see Waveforms). 


—<=— 91 —>| =— 62 


CLK 
PCLK 
F/C 


X1 


<— 91 —> |<—__—__ 92 ———_> |< 61 = 


2) When switching CLK frequency sources, there is a max- 
imum transition latency of 2.5 clock cycles of the fre- 
quency being switched to, from the time CLK freezes 
low, until CLK restarts at the new frequency (see Wave- 
forms). 


3) The maximum latency from the time F/C is dynamically 
switched, to the time CLK freezes low, is 4 CLK cycles 
(see Waveforms). 


The following steps describe the sequence of events that 
transpire when F/C is dynamically switched: 


A) F/C switched from high (using EFI input) to low (using 
the crystal input X1 - see Figure 1A). 


1) The state of F/C is sampled when both CLK and 
PCLK are high until a change is detected. 


2) On the second following falling edge of PCLK, CLK is 
frozen low. 


3) CLK restarts at the crystal frequency on the rising 
edge of XI, after the second falling edge of X1. 


B) F/C switched from low (using the crystal input XI) to high 
(using the EFI input - see Figure 1B). 


1) The state of F/C is sampled when both CLK and 
PCLK are high until a change is detected. 


2) On the second following falling edge of PCLK, CLK is 
frozen low. 


3) CLK restarts at the EFI input frequency on the falling 
edge of EFI after the second rising edge of EFI. 


62 = 


FIGURE 1A. F/C SWITCHED FROM HIGH (USING EFI INPUT) TO LOW (USING THE CRYSTAL INPUT X1) 
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CLK 


PCLK 


F/C 


EFI 


o1 —>|<<— 92 —> 


FIGURE 1B. F/C SWITCHED FROM LOW (USING THE CRYSTAL INPUT X1) TO HIGH (USING THE EFI! INPUT) 
FIGURE 1. DYNAMICALLY SWITCHING THE F/C PIN 


The 82C284 provides a second clock output, PCLK, for periph- 
eral devices. PCLK is CLK divided by two. PCLK has a duty 
cycle of 50% and CMOS output drive characteristics. PCLK is 
normally synchronized to the internal processor clock. 


After reset, the PCLK signal may be out of phase with the inter- 
nal processor clock. The S1 and SO signals of the first bus 
cycle are used to synchronize PCLK to the internal processor 
clock. The phase of the PCLK output changes by extending its 
HIGH time beyond one system clock (see waveforms). PCLK is 
forced HIGH whenever either SO or S1 were active (LOW) for 
the two previous CLK cycles. PCLK continues to oscillate when 
both SO and $1 are HIGH. 


Since the phase of the internal processor clock will not change 
except during reset, the phase of PCLK will not change except 
during the first bus cycle after reset. 


Oscillator 


The oscillator circuit of the 82C284 is a linear Pierce oscillator 
which requires an external parallel resonant, fundamental 
mode, crystal. The output of the oscillator is internally buffered. 
The crystal frequency chosen should be twice the required 
internal processor clock frequency. The crystal should have a 
typical load capacitance of 32pF. 


X1 and X2 are the oscillator crystal connections. For stable 
operation of the oscillator, two loading capacitors are recom- 
mended, as shown in Table 1. The sum of the board capaci- 
tance and loading capacitance should equal the values shown. 
It is advisable to limit stray board capacitances (not including 
the effect of the loading capacitors or crystal capacitance) to 
less than 10pF between the X1 and X2 pins. Decouple Voc 
and GND as close to the 82C284 as possible with a 0.1,F poly- 
carbonate capacitor. 


TABLE 1. 82C284 CRYSTAL LOADING CAPACITANCE VALUES 


Cl C2 


CRYSTAL CAPACITANCE CAPACITANCE 
FREQUENCY (PIN 7) (PIN 8) 


1MHz to 8MHz 60pF 40pF 
8MHz to 20MHz 25pF 
20MHz to 25MHz 15pF 


CLK Termination 


Due to the CLK output having a very fast rise and fall time, it is 
recommended to properly terminate the CLK line at frequen- 
cies above 10MHz to avoid signal reflections and ringing. Ter- 
mination is accomplished by inserting a small resistor 
(typically 10-74Q) in series with the output, as shown in Figure 
2. This is known as series termination. The resistor value plus 
the circuit output impedance (approximately 25Q) should be 
made equal to the impedance of the transmission line. 


CLK 


CLOSELY 
PLACED 
LOADS 


RO =2 
ads TRANSMISSION 
LINE 


CLOSELY 
PLACED 
LOADS 


FIGURE 2. SERIES TERMINATION 


Reset Operation 


The reset logic provides the RESET output to force the sys- 
tem into a known, initial state. When the RES input is active 
(LOW), the RESET output becomes active (HIGH), RES is 
synchronized internally at the falling edge of CLK before 
generating the RESET output (see waveforms). Synchroni- 
zation of the RES input introduces a one or two CLK delay 
before affecting the RESET Output. 


At power up, a system does not have a stable Vcc and CLK. 
To prevent spurious activity, RES should be asserted until 
Voc and CLK stabilize at their operating values. 80C286 
processors and support components also require their 
RESET inputs be HIGH a minimum of 16 CLK cycles. An RC 
network, as shown in Figure 3, will keep RES LOW long 
enough to satisfy both needs. 


A Schmitt trigger input with hysteresis on RES assures a single 
transition of RESET with an RC circuit on RES. The hysteresis 
separates the input voltage level at which the circuit output 
switches from HIGH to LOW from the input voltage level at 
which the circuit output switches from LOW to HIGH. The RES 
HIGH to LOW input transition voltage is lower than the RES 
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LOW to HIGH input transition voltage. As long as the slope of 
the RES input voltage remains in the same direction (increas- 
ing or decreasing) around the RES input transition voltage, the 
RESET output will make a single transition. 


Vec 


FIGURE 3. TYPICAL RC RES TIMING CIRCUIT 


Ready Operation 


The 82C284 accepts two ready sources for the system ready 
signal which terminates the current bus cycle. Either a synchro- 
nous (SRDY) or asynchronous ready (ARDY) source may be 
used. Each ready input has an enable (SRDYEN and 
ARDYEN) for selecting the type of ready source required to ter- 
minate the current bus cycle. An address decoder would nor- 
mally select one of the enable inputs. 


READY is enabled (LOW), if either SRDY + SRDYEN = 0 or 
ARDY + ARDYEN = 0 when sampled by the 82C284 READY 
generation logic. READY will remain active for at least two CLK 
cycles. 


The READY output has an open-drain driver allowing other 
ready circuits to be wired with it, as shown in Figure 4. The 
READY signal of an 80C286 system requires an external 
pull-up resistor. To force the READY signal inactive (HIGH) 
at the start of a bus cycle, the READY output floats when 
either S1 or SO are sampled LOW at the falling edge of CLK. 
Two system clock periods are allowed for the pull-up resistor 
to pull the READY signal to Vj4y. When RESET is active, 
READY is forced active one CLK later (see Waveforms). 


Vec 


= DECOUPLING 
CAPACITOR 


FIGURE 4. RECOMMENDED CRYSTAL AND READY 
CONDITIONS 
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FIGURE 5. SYNCHRONOUS READY OPERATION 


Ts | Te | Te | Ty 


CLK 


PCLK 


$1*S0 
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SRDYEN 


FIGURE 6. ASYNCHRONOUS READY OPERATION 
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Absolute Maximum Ratings Thermal Information 

Supply VolWagG ....6scncenecanevewssenseuweuesuxesws +8.0V. Thermal Resistance Bya (CCIW) Bjc (CCW) 

Input, Output or I/O Voltage Applied. .... GND -0.5V to Voc +0.5V CERDIP Package ................ 80 20 

Storage Temperature Range ................. “65°C to+150°C = Gate Count... 0.0... cee eee cece eeeeneeeeanees 200 Gates 
Junction Temperature... 0.0.00... +175°C 
Lead Temperature (Soldering, 10s)..................0. +300°C 
ald CINSSINCANON. cx0cicedkavasessdecieuedaesacans Class 2 


Operating Conditions 
Operating Temperature Range 


Operating Supply Voltage.................008. +4.5V to +5.5V 

ie) fe) 

cacect i a ie a a, : ps <i at EFI Rise Time (from 0.8V to 3.2V) ..............0055 8ns (Max) 
eee EFI Fall Time (from 3.2 to 0.8V) .................... 8ms (Max) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications T, = 0°C to +70°C (CD82C284); Veg = 5V + 10% 
Ta = -40°C to +85°C (ID82C284) 


SS 
Te |reaonveme oe | pene 
in |eaincrvene te? |v fens 
ine ler remmamcnvonm | s2 | |v |veccsy 
Tin |Reswcm ven id voone | |v [vecnsy 
ine ]RSrestmwes fos | |v fens 
vo. _|reser.reuxowatowvons | |e |v [oenaveorasvnawe 
[Von |peser Peuxouparcn vate | vooas | |v [low=-ima Voonsavnow? 
owe Jaxouacowverae |__| 0 | v ]mmsnaveo=ssv.nae? 

= 

Cm 


CLK Output HIGH Voltage lon = -5MA, Vgc = 4.5V, Note 2 
Input Leakage Current p10 pA Vin = Voc or GND, Voc = 5.5V 


V 

V 

V 
Active Power Supply Current 
NOTES: 


1. Iccop measured at 10MHz for 82C284-10 and at 12.5MHz for the 82C284-12. Vinjy = GND or Voc, Vcc = 5.5V outputs unloaded. 
2. Interchanging of force and sense conditions is permitted. 


AC Electrical Specifications T, = 0°C to +70°C (CD82C284); Voc = 5V +10% 
Ta = -40°C to +85°C (ID82C284) 
AC Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Waveforms, 
Unless Otherwise Noted. 


SYMBOL PARAMETER 


EFI LOW Time 
EFI HIGH Time 
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AC Electrical Specifications Ty, = 0°C to +70°C (CD82C284); Voc = 5V 10% (Continued) 
Ta = -40°C to +85°C (ID82C284) 
AC Timings are Referenced to 0.8V and 2.0V Points of the Signals as Illustrated in Waveforms, 
Unless Otherwise Noted. 


TEST CONDITIONS 


UNIT 


aa 
<a 
a — 
15 
OR Gc 
= 
<a 
a 
—— 
—— 
aa 
ree 
Gu 


(Note 3) 


ns (Note 3) 
(Notes 3, 7 
(Notes 3, 7) 


—_ 


<a | at 
a} @ 


) 
en 


C. = 75pF (Note 5) 


=a 
=o [ 
—— 
a 

= 


READY Inactive Delay 


READY Active Delay 24 


um 
= 


PCLK HIGH Time t16 -10 
NOTES: 


1. Voc = 4.5V and 5.5V unless otherwise specified. CLK loading: C_ = 100pF. 


2. With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input meeting specifications t; and 
to. The recommended crystal loading for CLK frequencies of 8MHz to 20MHz are 25pF from pin X1 to ground, and 15pF from pin X2 to 
ground; for CLK frequencies from 20MHz to 25MHz the recommended loading is 15pF from pin X1 to GND. These recommended values 
are +5pF and include all stray capacitance. Decouple Vcc and GND as close to the 820284 as possible. 


. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK edge. 
. The pull-up resistor value for the READY pin is 620Q with the rated 150pF load. 
. tyg refers to any allowable CLK period. 


. When using a crystal with the recommended capacitive loading, CLK output HIGH and LOW times are guaranteed to meet 80C286 re- 
quirements. 


. Measured from 1.0V on the CLK to 0.8V on the RES waveform for RES waveform for RES active and to 4.2V on the RES waveform for 
RES inactive. 


8. Input test waveform characteristics: Vj, = OV, Vijy = 4.5V. 
UNTESTED SPECIFICATIONS 


SYMBOL PARAMETER UNITS CONDITIONS (NOTE 1) 


eats FREQ = 1MHz, All measurements are 
ice 
| 2% 


— 
=k 
(o>) 
_ 
oO 


+ 
— 
oO) 
' 
—_ 
oO 


on -& W 


~} 


referenced to device GND, Ta = +25°C 


(Note 3) 


t15A EFI HIGH to CLK LOW Delay 
t15B EFI LOW to CLK HIGH Delay 


a 
a 
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UNTESTED SPECIFICATIONS (Continued) 


SYMBOL PARAMETER CONDITIONS (NOTE 1) 


ne [eoese tine 
ae _eacrartine 
NOTES: 


1. The parameters listed in this table are controlled via design or, process parameters and are not directly tested. These parameters are 
characterized upon initial design and after major process and/or design changes. 


2. Measured from 3.2V on the EFI waveform to 1.0V on the CLK. 
3. Measured from 0.8V on the EFI waveform to 3.6V on the CLK. 
4. Measured from 3.6V on the X1 input to 3.6V on the CLK. 


AC Specifications AC Test Condition 
3.2V Vec 
EFI INPUT 
tpeLay (MAX) —= Ri 
DEVICE 
CLK OUTPUT 
OUTPUT ‘i 
L 
a r 
< 
Fie FIGURE 8. Oe 
INPUT O Ww 
sr 
Oo 2 
VCC * 0.8V a 
INPUT 
ee 
Fi 2.0v | 2.0v 
Bevice No.8 | 0.8v 
INPUT 
DEVICE 
OUTPUT 


FIGURE 7. A.C. DRIVE, SETUP, HOLD AND DELAY TIME 
MEASUREMENT POINTS 
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Waveforms 


EFI 


CLK 


NOTE: 


1. The EFI input LOW and HIGH times as shown are required to guarantee the CLK LOW and HIGH times shown. 
FIGURE 9. CLK AS A FUNCTION OF EFI 


CLK 
RES 
RESET 
DEPENDS ON STATE 
OF PREVIOUS RES 
READY 


NOTE: 


1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown. 
FIGURE 10. RESET AND READY TIMING AS A FUNCTION OF RES WITH S1, SO, ARDY + ARDYEN, AND SRDY + SRDYEN HIGH 


© sek KF - 


rx —_X_~IX~ 17 ie 


UNDEFINED ~ IF THIS IS 
FIRST BUS CYCLE — (10) 


SRDY + SRDYEN 


ARDY + ARDYEN 


NOTES: 
1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown. 


2. If SRDY + SRDYEN or ARDYEN are active before and/or during the first bus cycle after RESET, READY may not be deasserted until the 
falling edge of $2 of Ts. . 


FIGURE 11. READY AND PCLK TIMING WITH RES HIGH 
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Waveforms (continued) 


= ~o1—- 62 —= 91 —_—— 62 ———_ |< 1 |= 62 


NOTE: 
1. This is an asynchronous input. The setup and hold times are required to guarantee the response shown. 
FIGURE 12. CLK AS A FUNCTION OF F/C, PCLK, X1, AND EFI DURING DYNAMIC FREQUENCY SWITCHING 
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Features Description 


¢ This Circuit is Processed in Accordance to MIL-STD- The Harris 82C284/883 is a clock generator/driver which 
883 and is Fully Conformant Under the Provisions of provides clock signals for 80C286 processors and support 
Paragraph 1.2.1. components. It also contains logic to supply READY to the 
CPU from either asynchronous or synchronous sources and 
synchronous RESET from an asynchronous input with hys- 
Generates System Reset Output from Schmitt Trigger _teresis. 


Input ; 
- Improved Hysteresis Ordering Information 


Uses Crystal or External Signal for Frequency Source PART NUMBER | TEMP. RANGE | PACKAGE | PKG. NO. | 
- Dynamically Switchable Between Two Input Fre- MD82C284-12/883 |-55°C to+125°C|CERDIP |F18.3 
quencies cenpip | [Fi83 


Provides Local READY and MULTIBUS® READY 


Synchronization 
Static CMOS Technology 


Generates System Clock for 80C286 Processors 


Single +5V Power Supply 
Available in 18 Lead CERDIP Package 


Pinout Functional Diagram 


82C284/883 
(CERDIP) 
TOP VIEW 


ARDYEN SYNCHRONIZER 


Si 
$0 


XTAL 
= Hp 
= — 


i» READY LOGIC i 


cml 


} 1 PCLK GENERATOR 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2968 1 
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Absolute Maximum Ratings 


SURO VOUROE «i.e cretencicawees oo 9bccndeooeanseeas +8.0V 
Input, Output or I/O Voltage Applied. .... GND -0.1V to VCC +1.0V 
ESD CiOSSOGUON .c.ccsiswcrvisssensdeeaeniaussax Class 2 


Thermal Information 


Thermal Resistance Oya (CCIW) 8jc (PCW) 


CERDIP Package .............. 80 20 
PS GON eng gee eeh Peters sce vendsheesewe va 200 Gates 
Storage Temperature Range.................. -65°C to +150°C 
Junction Temperature ......... 00.000 cece eee eee es +175°C 
Lead Temperature (Soldering 10s) ................005. +300°C 


CAUTION: Stresses above those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and opera- 
tion of the device at these or any other conditions above those indicated in the operation section of this specification is not implied. 


Operating Conditions 


Operating Temperature Range................ -55°C to +125°C 
Operating Supply Voltage..................... +4.5V to +5.5V 


EFI Rise Time (From 0.8V to 3.2V)............00008. 8ns (Max) 
EFI Fall Time (From 3.2V to 0.8V)...............005. 8ns (Max) 


TABLE 1. 82C284/883 D.C. ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested. 


IOL = 5mA, 
VCC = 4.5V, Note 2 


RESET, PCLK Output VOH IOH = -1mA, 
Voltage VCC = 4.5V, Note 2 


READY Output LOW VOLR IOH = 10mA, 
VCC = 4.55V, Note 2 


Voltage 
CLK Output LOW Voltage VOLC |IOL=5mA, 
VCC = 4.5V, Note 2 


CLK Output HIGH Voltage VOHC | |IOH=-5mA, 
VCC = 4.5V, Note 2 
Input Leakage Current as VIN = GND or VCC, 
ICCOP 


Active Power Supply 
Current 


NOTES: 


awertasorae] a2 [= |v 
RSSce ETE A I 
areetazcrare|veoway — |v 
a 


-55°C < Ta < +125°C ei 

a eee De 
a eee ee 
an 

a 

_ 

=) 

| a 


<|<|< 


V 


1,2,3 -55°C < Ta < +125°C | VCC -0.4 V 
1,2,3 -55°C < Ta < +125°C 


[EEEEEE 


mA 
A 


m 


1,2,3 -55°C < Ta <$ +125°C | = 4 
-55°C < Ta < +125°C [=] 


1. ICCOP measured at 10MHz for the 82C284-10/883 and at 12.5MHz for the 82C284-12/883. VIN = GND or VCC, VCC = 5.5V, outputs 
unloaded. 


2. Interchanging of force and sense conditions is permitted. 


TABLE 2. 82C284/883 A.C. ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested. A.C. timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet wave- 


forms, unless otherwise specified. 


(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUP TEMPERATURE 


EFI LOW Time At VCC/2, Note 8 9,10,11 | -55°C < Ta <+125°C 
EFI HIGH Time At VCC/2, Note 8 9,10, 11 


-55°C < Ta $ +125°C 
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TABLE 2. 82C284/883 A.C. ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 


Device Guaranteed and 100% Tested. A.C. timings are referenced to 0.8V and 2.0V points of the signals as illustrated in datasheet wave- 


forms, unless otherwise specified. (Continued) 


(NOTE 1) GROUP A 
PARAMETER |SYMBOL| CONDITIONS | SUBGROUP] TEMPERATURE | MAX | MIN | 


Status Setup Time t5A 9,10,11 . | -55°C < Ty < +125°C 

for Status Going 

Active 
Status Setup Time t5B -55°C < Ta $ +125°C 
for Going Inactive 


Status Hold Time a i 9,10,11 | -55°C < Ta < +125°C ; | 
F/C Setup Time | # | i 9,10,11 | -55°C < Ta < +125°C | 15 | 
F/C Hold Time a 9,10,11 | -55°C < Ta < +125°C | 15 | 


SRDY or SRDYEN 9, 10, 11 -55°C < Ta < +125°C 15 
Setup Time 


eal 

ae 

al 

Seuptine | fre | eee 
Setup Time 

fete | re eee 
Hold Time 

ae Re 

— 

ss 

Les 

_ 

id 


Cc 


NITS 


15 
15 


fexremd [we [ «da | STATO 


CLK HIGH Time Notes 2, 6 9,10,11 | -55°C < Ty < +125°C ca 


1. VCC = 4.5V and 5.5V unless otherwise specified. CLK loading: CL = 100pF. | 


2. With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input meeting specifications t1 and t2. 
The recommended crystal loading for CLK frequencies of 8MHz to 20MHz are 25pF from pin X1 to GND, and 15pF from pin X2 to GND; for 
CLK frequencies from 20MHz to 25MHz the recommended loading is 15pF from pin X1 to GND, and 15pF from X2 to GND. These recom- 
mended values are +5pF and include all stray capacitance. Decouple VCC and GND as close to the 80C284/883 as possible. 


. This is an asychronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK edge. 
. The pull-up resistor value for the READY pin is 620Q with the rated 150pF load. 
. t16 refers to any allowable CLK period. 


. When using a crystal with the recommended capacitive loading, CLK output HIGH and LOW times are guaranteed to meet 80C286 re- 
quirements. 


7. Measured from 1.0V on the CLK to 0.8V on the RES waveform for RES active, and to 4.2V on the RES waveform for RES inactive. 
8. Input test waveform characteristics: VIL= 0.0V, VIH = 4.5V. 


on & Ww 
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TABLE 3. 82C284/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Input Capacitance CIN | FREQ = 1Mkz, All 1 Ta = +25°C 
measurements are 
referenced to de- 
vice GND 


EFI HIGH to CLK t15A 2 55°C < Ta $ +125°C 
LOW Delay 
EFI LOW to CLK 55°C < Ta < +125°C 
HIGH Delay 


CLK Rise Time 1.0V to 3.6V, -55°C < Ta s +125°C 
CL= 100pF 

CLK Fall Time t20 3.6V to 1.0V, 55°C < Ta < +125°C 
CL = 100pF 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design and after major process and/or design changes. 


2. Measured from 3.2V on the EFI waveform to 1.0V on the CLK. 
3. Measured from 0.8V on the EFI waveform to 3.6V on the CLK. 
4. Measured from 3.6V on the X1 input to 3.6V on the CLK. 


TABLE 4. APPLICABLE SUBGROUPS 


Ci 
a 
CL CCE 


A.C. Test Conditions 


vcc 


RL 


DEVICE 
OUTPUT 


CL 
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A.C. Specifications 


3.2V 
EFI INPUT 


CLK 
OUTPUT 


FIC 
INPUT 


RES 
INPUT 


OTHER 
DEVICE 
INPUT 


DEVICE 
OUTPUT 


820284/883 


Y - 0.4V 


ZAM o.ay 


2.6V 


LA o.av 


FIGURE 1. A.C. DRIVE, SETUP, HOLD AND DELAY TIME MEASUREMENT POINTS 


Timing Waveforms 


CLK 


READY CLLLLILILILLLLLLLLD 


FIGURE 2. CLK AS A FUNCTION OF EFI 
NOTE: The EFI input LOW and HIGH times as shown are required to guarantee the CLK LOW and HIGH times shown. 


CLL. 


NOTE: This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown. 
FIGURE 3. RESET AND READY TIMING AS A FUNCTION OF RES WITH Si, S0, ARDY + ARDYEN AND SRDY + SRDYEN HIGH 
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Timing Waveforms (continued) 


2 

g| = 
© 

e 


UNDEFIN 
PCLK FIRST B 


” IF THIS IS 
CYCLE 


SRDY + SRDYEN 


ARDY + ARDYEN 


NOTES: 
1. This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown. 


2. If SRDY + SRDYEN or ARDY + ARDYEN are active before and/or during the first bus cycle after RESET, READY may not be deasserted 
until the falling edge of 2 of Ts. 


oe, a ” 

FIGURE 4. READY AND PCLK TIMING WITH RES HIGH z 
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CLK a. 
PCLK 


—— 


(t7) 
FIC —Yf/), 


“FA 
x1 
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FIGURE 5. CLK AS A FUNCTION OF FIC, PCLK, X1, AND EFI DURING DYNAMIC FREQUENCY SWITCHING 
NOTE: This is an asynchronous input. The setup and hold times shown are required to guarantee the response shown. 
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Burn-In Circuit 


18 LEAD CERDIP 
R1 
F7 vcc 
M = ery 
F5 17 F8 
R1 5 : R1 
F6 F9 
R1 R1 
VCC/2 N 4 15) WV F10 
F1 5 | 14) NC 
R1 R1 
Fi2 6 | 13; vcc/2 
R1 R1 
FO 12) vcec/2 
R1 R1 
vcc/2 8 41] F114 
R1 
GND 9 | 40) vcec/2 
vcc 


NOTES: 


; 
. Input Voltage Limits: VIL (Max) = 0.4V, VIH (Min) = 2.6V 

. Component Values: R1 = 47kQ, C1 = 0.1pF (Min) 

. Oven type and frequency requirements microtest, FO through F12. 


on rk W MY 


Supply Voltage: VCC = 5.5V, +0.5V, GND = OV. Driver Voltage: VIH = 4.5V + 10%, VIL = OV 


. Approximate current per unit. |CC = 0.3mA. 
. Special requirements: 


(a) Electrostatic Discharge Sensitive. Proper precautions must be used when handling units. 


(b) All power supplies must be at zero volts when the boards are inserted into the ovens. After insertion, apply VCC first, then activate 
the driver power supplies. 


. Oscilloscope measurements: To be on loaded boards before insertion into the oven. 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
63 mils x 69 mils x 19 mils + 1 mil Type: Nitrox 
Thickness: 10kA 
METALLIZATION: 
Type: Silicon - Aluminum WORST CASE CURRENT DENSITY: 
Thickness: 8kA 2 x 10° A/cm? 


Metallization Mask Layout 
82C284/883 


SRDY ARDY vcc ARDYEN 


Si 
SRDYEN 
S0 
READY 7) 
a 
ne 
NC ae 
EFI = a 
om 
o 
PCLK 
FIC 
x1 RESET 


X2 GND CLK RES 
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wD HARRIS 82C37A 


CMOS High Performance 


March 1997 Programmable DMA Controller 
Features Description 
¢ Compatible with the NMOS 8237A The 82C37A is an enhanced version of the industry standard 


° Four Independent Maskable Channels with Autoinitial- ae . tess paren — 2 deen Ge cee on 

ated EApeney compatible with NMOS designs, the 82C37A offers 

e Cascadable to any Number of Channels increased functionality, improved performance, and 

. dramatically reduced power consumption. The fully static 

* High Speed Data Transfers: design permits gated clock operation for even further 
- Up to 4MBytes/sec with 8MHz Clock reduction of power. 


= UP Ne SSR R RO WN Sa mee ONO The 82C37A controller can improve system performance by 
¢ Memory-to-Memory Transfers allowing external devices to transfer data directly to or from 


‘ : ; system memory. Memory-to-memory transfer capability is 
Static CMOS Design Permits Low Power Operation also provided, along with a memory block initialization fea- 


- ICCSB = 101A Maximum ture. DMA requests may be generated by either hardware or 
- ICCOP = 2mA/MHz Maximum software, and each channel is independently programmable 


Fully TTL/CMOS Compatible with a variety of features for flexible operation. 


The 82C37A is designed to be used with an external 
address latch, such as the 82C82, to demultiplex the most 
significant 8-bits of address. The 82C37A can be used with 
industry standard microprocessors such as 80C286, 80286, 
80C86, 80C88, 8086, 8088, 8085, Z80, NSC800, 80186 and 
others. Multimode programmability allows the user to select 
from three basic types of DMA services, and reconfiguration 
under program control is possible even with the clock to the 
controller stopped. Each channel has a full 64K address and 
word count range, and may be programmed to autoinitialize 
these registers following DMA termination (end of process). 


Internal Registers may be Read from Software 


Ordering Information 


PAGS NMGE TEMPERATURE 


mee — ewan — race —] [ace Jeme 
———— fa —| [eee 


a 
5962-9054302MXA | 5962-9054303MXA of ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2967 1 
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Pinouts 
82C37A (PDIP/CERDIP) 82C37A (CLCC/PLCC) 
TOP VIEW TOP VIEW 
A7 q 
- ; FULL Te eee 
low A6 cz is iz q<aagd 
MEMA AS a oh AS; ASAT; 0: Sas 
t 
MEMW AA " 
NC 5} A2 
NC EOP HLDA At 
READY A3 ADSTB £36] AO 
HLDA A2 AEN 5] VCC 
ADSTB At HRQ DBO 
AEN AO cs 133] DB1 
HRQ vcc CLK 132] DB2 
GS DBO RESET [15! 131] DB3 
sie —_ DACK2 "56 DB4 
NC NC 
RESET DB2 
' 'B <4 rs ° 
DACK2 DB3 = = 
TEPELLLEL 
DACK3 DB4 gaf@eaa © <3 
DREQ3 DACKO 
DREQ2 DACK1 
DREQ1 DBS5 
DREQO DB6 
(GND) VSS DB7 
Block Diagram 
EOP ° INC/DECREMENTOR 
RESET TEMP WORD TEMP ADDRESS 
ts COUNT REG (16) REG (16) 


PRIORITY 
ENCODER 
AND 


ROTATING 
PRIORITY 
LOGIC 


16-BIT BUS 


16-BIT BUS 


STATUS TEMPORARY 
(8) (8) 
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Pin Description 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 


Vcc 31 Voc: is the +5V power supply pin. A 0.1p.F capacitor between pins 31 and 20 is recommended for 
decoupling. 
OS 


ape ye CLOCK INPUT: The Clock Input is used to generate the timing signals which control 82C37A 
11 


operations. This input may be driven from DC to 12.5MHz for the 82C37A-12, from DC to 8MHz for 
cS CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus for 
CPU communications. 


the 82C37A, or from DC to 5MHz for the 82C37A-5. The Clock may be stopped in either state for 
Standby operation. 

13 RESET: This is an active high input which clears the Command, Status, Request, and Temporary 
registers, the First/Last Flip-Flop, and the mode register counter. The Mask register is set to ignore 
requests. Following a Reset, the controller is in an idle cycle. 


READY: This signal can be used to extend the memory read and write pulses from the 82C37A to 
accommodate slow memories or I/O devices. READY must not make transitions during its specified 
set-up and hold times. See Figure 12 for timing. READY is ignored in verify transfer mode. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system busses. HLDA is a synchronous input and must not transition 
during its specified set-up time. There is an implied hold time (HLDA inactive) of TCH from the rising 
edge of CLK, during which time HLDA must not transition. 


DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request 
inputs used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest 
priority and DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a 
channel. DACK will acknowledge the recognition of a DREQ signal. Polarity of DREQ is 
programmable. RESET initializes these lines to active high. DREQ must be maintained until the 
corresponding DACK goes active. DREQ will not be recognized while the clock is stopped. Unused 
DREQ inputs should be pulled High or Low (inactive) and the corresponding mask bit set. 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the |/O Read to output the contents 
of a register to the CPU. The outputs are disabled and the inputs are read during an I/O Write cycle 
when the CPU is programming the 82C37A control registers. During DMA cycles, the most signifi- 
cant 8-bits of the address are output onto the data bus to be strobed into an external latch by ADSTB. 
In memory-to-memory operations, data from the memory enters the 82C37A on the data bus during 
the read-from-memory transfer, then during the write-to-memory transfer, the data bus outputs write 
the data into the new memory location. 


I/O READ: |/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input con- 
trol signal used by the CPU to read the control registers. In the Active cycle, it is an output control 
signal used by the 82C37A to access data from the peripheral during a DMA Write transfer. 


I/O WRITE: 1/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input con- 
trol signal used by the CPU to load information into the 82C37A. In the Active cycle, it is an output 
control signal used by the 82C37A to load data to the peripheral during a DMA Read transfer. 
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Pin Descr, iption (Continued) 


PIN 
SYMBOL | NUMBER | TYPE DESCRIPTION 


END OF PROCESS: End of Process (EOP) is an active low bidirectional nal signal. Information 
concerning the completion of DMA services is available at the bidirectional EOP pin. 

The 82C37A allows an external signal to terminate an active DMA service by pulling the EOP pin 
low. A pulse is generated by the 82C37A when terminal count (TC) for any channel is reached, 
except for channel 0 in memory-to-memory mode. During memory-to-memory transfers, EOP will 
be output when the TC for channel 1 occurs. 

The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up resistor 
to Vcc. 

When an EOP pulse occurs, whether internally or externally generated, the 82C37A will terminate 
the service, and if autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bit in the status word will be set for the currently active channel 
by EOP unless the channel is programmed for autoinitialize. In that case, the mask bit remains clear. 


A0-A3 32-35 ADDRESS: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the 82C37A to address the control register to be loaded or 
read. In the Active cycle, they are outputs and provide the lower 4-bits of the output address. 


ADDRESS: The four most significant address lines are three-state outputs and provide 4-bits of 
address. These lines are enabled only during the DMA service. 


HOLD REQUEST: The Hold Request (HRQ) output is used to request control of the system bus. 
When a DREQ occurs and the corresponding mask bit is clear, or a software DMA request is made, 
the 82C37A issues HRQ. The HLDA signal then informs the controller when access to the system 
busses is permitted. For stand-alone operation where the 82C37A always controls the busses, HRQ 
may be tied to HLDA. This will result in one SO state before the transfer. 


DMA ACKNOWLEDGE: DMA acknowledge is used to notify the individual peripherals when one 
has been granted a DMA cycle. The sense of these lines is programmable. RESET initializes them 
to active low. 


ADDRESS ENABLE: Address Enable enables the 8-bit latch containing the upper 8 address bits 
onto the system address bus. AEN can also be used to disable other system bus drivers during DMA 
transfers. AEN is active high. 


ADDRESS STROBE: This is an active high signal used to control latching of the upper address 
byte. It will drive directly the strobe input of external transparent octal latches, such as the 82C82. 
During block operations, ADSTB will only be issued when the upper address byte must be updated, 
thus speeding operation through elimination of S1 states. ADSTB timing is referenced to the falling 
edge of the 82C37A clock. 


MEMORY WRITE: The Memory Write signal is an active low three-state output used to write data 
to the selected memory location during a DMA Write or a memory-to-memory transfer. 


step NO CONNECT: Pin 5 is open and should not be tested for continuity. 
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Functional Description 


The 82C37A direct memory access controller is designed to 
improve the data transfer rate in systems which must 
transfer data from an I/O device to memory, or move a block 
of memory to an I/O device. It will also perform memory-to- 
memory block moves, or fill a block of memory with data 
from a single location. Operating modes are provided to 
handle single byte transfers as well as discontinuous data 
streams, which allows the 82C37A to control data movement 
with software transparency. 


The DMA controller is a state-driven address and control 
signal generator, which permits data to be transferred 
directly from an I/O device to memory or vice versa without 
ever being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor move or repeated string 
instructions. | Memory-to-memory operations require 
temporary internal storage of the data byte between 
generation of the source and destination addresses, so 
memory-to-memory transfers take place at iess than half the 
rate of I/O operations, but still much faster than with central 
processor techniques. The maximum data transfer rates 
obtainable with the 82C37A are shown in Figure 1. 


The block diagram of the 82C37A is shown on page 2. The 
timing and control block, priority block, and internal registers 
are the main components. Figure 2 lists the name and size 
of the internal registers. The timing and control block derives 
internal timing from clock input, and generates external 
control signals. The Priority Encoder block resolves priority 
contention between DMA channels requesting service 
TRANSFER 


simultaneously. 


[erent [ew [oe [oe [rome 


Memory-to- 0.63 1.56 MByte/sec 
Memory 


FIGURE 1. DMA TRANSFER RATES 
DMA Operation 


In a system, the 82C37A address and control outputs and 
data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 
address byte. While inactive, the controller's outputs are ina 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the 82C37A 
drives the busses and generates the control signals to 
perform the data transfer. The operation performed by 
activating one of the four DMA request inputs has previously 
been programmed into the controller via the Command, 
Mode, Address, and Word Count registers. 


82C37A 


For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the 82C37A Current and Base Address registers for a 
particular channel, and the length of the block is loaded into 
the channel's Word Count register. The corresponding Mode 
register is programmed for a memory-to-I/O operation (read 
transfer), and various options are selected by the Command 
register and the other Mode register bits. The channel's 
mask bit is cleared to enable recognition of a DMA request 
(DREQ). The DREQ can either be a hardware signal or a 
software command. 


Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and IOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is 
transferred, the address is automatically incremented (or 
decremented) and the word count is decremented. The 
operation is then repeated for the next byte. The controller 
stops transferring data when the Word Count register 
underflows, or an external EOP is applied. 


Base Address Registers  teeits | 4 | 


Base Word Count Registers 


Current Address Registers 


Current Word Count Registers 


8-Bits 


Temporary Address Register 
Temporary Word Count Register 
Status Register 

Command Register 

Temporary Register 

Mode Registers 

Mask Register 


Request Register 


FIGURE 2. 82C37A INTERNAL REGISTERS 


To further understand 82C37A operation, the states 
generated by each clock cycle must be considered. The 
DMA controller operates in two major cycles, active and idle. 
After being programmed, the controller is normally idle until 
a DMA request occurs on an unmasked channel, or a 
software request is given. The 82C37A will then request 
control of the system busses and enter the active cycle. The 
active cycle is composed of several internal states, 
depending on what options have been selected: and what 
type of operation has been requested. 
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The 82C37A can assume seven separate states, each 
composed of one full clock period. State | (SI) is the idle 
state. It is entered when the 82C37A has no valid DMA 
requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in Sl, the 
DMA controller is inactive but may be in the Program 
Condition (being programmed by the processor). 


State 0 (SO) is the first state of a DMA service. The 82C37A 
has requested a hold but the processor has not yet returned 
an acknowledge. The 82C37A may still be programmed until 
it has received HLDA from the CPU. An acknowledge from 
the CPU will signal the DMA transfer may begin. S1, S2, S3, 
and S4 are the working state of the DMA service. If more 
time is needed to complete a transfer than is available with 
normal timing, wait states (SW) can be inserted between S3 
and S4 in normal transfers by the use of the Ready line on 
the 82C37A. For compressed transfers, wait states can be 
inserted between S2 and S4. See timing Figures 14 and 15. 


Note that the data is transferred directly from the I/O device 
to memory (or vice versa) with IOR and MEMW (or MEMR 
and IOW) being active at the same time. The data is not read 
into or driven out of the 82C37A in l/O-to-memory or 
memory-to-I/O DMA transfers. 


Memory-to-memory transfers require a read-from and a write- 
to memory to complete each transfer. The states, which 
resemble the normal working states, use two-digit numbers 
for identification. Eight states are required for a single transfer. 
The first four states (S11, S12, S13, S14) are used for the 
read-from-memory half and the last four state (S21, S22, S23, 
$24) for the write-to-memory half of the transfer. 


Idle Cycle 


When no channel is requesting service, the 82C37A will 
enter the idle cycle and perform “SI” states. In this cycle, the 
82C37A will sample the DREQ lines on the falling edge of 
every clock cycle to determine if any channel is requesting a 
DMA service. 


Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
82C37A. When CS is low and HLDA is low, the 82C37A 
enters the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part by read- 
ing from or writing to the internal registers. 


The 82C37A may be programmed with the clock stopped, pro- 
vided that HLDA is low and at least one rising clock edge has 
occurred after HLDA was driven low, so the controller is in an Sl 
state. Address lines AO-A3 are inputs to the device and select 
which registers will be read or written. The |OR and IOW lines 
are used to select and time the read or write operations. Due to 
the number and size of the internal registers, an internal flip-flop 
called the First/Last Flip-Flop is used to generate an additional 
bit of address. The bit is used to determine the upper or lower 
byte of the 16-bit Address and Work Count registers. The flip- 
flop is reset by Master Clear or RESET. Separate software 
commands can also set or reset this flip-flop. 


Special software commands can be executed by the 
82C37A in the Program Condition. These commands are 
decoded as sets of addresses with CS, IOR, and IOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 


Active Cycle 


When the 82C37A is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will issue HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA service will 
take place, in one of four modes: 


Single Transfer Mode - In Single Transfer mode, the device 
is programmed to make one transfer only. The word count 
will be decremented and the address decremented or 
incremented following each transfer. When the word count 
“rolls over” from zero to FFFFH, a terminal count bit in the 
status register is set, an EOP pulse is generated, and the 
channel will autoinitialize if this option has been selected. If 
not programmed to autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 


DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer, HRQ will 
go inactive and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another single 
transfer will be performed, unless a higher priority channel 
takes over. In 8080A, 8085A, 80C88, or 80C86 systems, this 
will ensure one full machine cycle execution between DMA 
transfers. Details of timing between the 82C37A and other 
bus control protocols will depend upon the characteristics of 
the microprocessor involved. 


Block Transfer Mode - In Block Transfer mode, the device 
is activated by DREQ or software request and continues 
making transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of Process 
(EOP) is encountered. DREQ need only be held active until 
DACK becomes active. Again, an Autoinitialization will occur 
at the end of the service if the channel has been 
programmed for that option. 


Demand Transfer Mode -!n Demand Transfer mode the 
device continues making transfers until a TC or external EOP is 
encountered, or until DREQ goes inactive. Thus, transfer may 
continue until the I/O device has exhausted its data capacity. 
After the I/O device has had a chance to catch up, the DMA 
service is reestablished by means of a DREQ. During the time 
between services when the microprocessor is allowed to oper- 
ate, the intermediate values of address and word count are 
stored in the 82C37A Current Address and Current Word 
Count registers. Higher priority channels may intervene in the 
demand process, once DREQ has gone inactive. Only an EOP 
can cause an Autoinitialization at the end of service. EOP is 
generated either by TC or by an external signal. 


Cascade Mode - This mode is used to cascade more than 
one 82C37A for simple system expansion. The HRQ and 
HLDA signals from the additional 82C37A are connected to 
the DREQ and DACK signals respectively of a channel for 
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the initial 82C37A.This allows the DMA requests of the 
additional device to propagate through the priority network 
circuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel of the 
initial 82C37A is used only for prioritizing the additional 
device, it does not output an address or control signals of its 
own. These could conflict with the outputs of the active chan- 
nel in the added device. The initial 82C37A will respond to 
DREQ and generate DACK but all other outputs except HRQ 
will be disabled. An external EOP will be ignored by the initial 
device, but will have the usual effect on the added device. 


Figure 3 shows two additional devices cascaded with an 
initial device using two of the initial device’s channels. This 
forms a two-level DMA system. More 82C37As could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 


2ND LEVEL 


80C86/88 
MICRO- 
PROCESSOR 


1ST LEVEL 82C37A 


DREQ as HRQ 
DACK HLDA 


82C37A 


DREQ —— HRQ 
DACK HLDA 


82C37A 


INITIAL DEVICE 


ADDITIONAL 
DEVICES 


FIGURE 3. CASCADED 82C37As 


When programming cascaded controllers, start with the first 
level device (closest to the microprocessor). After RESET, 
the DACK outputs are programmed to be active low and are 
held in the high state. If they are used to drive HLDA directly, 
the second level device(s) cannot be programmed until 
DACK polarity is selected as active high on the initial device. 
Also, the initial device’s mask bits function normally on 
cascaded channels, so they may be used to inhibit second- 
level services. 


Transfer Types 


Each of the three active transfer modes can perform three dif- 
ferent types of transfers. These are Read, Write and Verify. 
Write transfers move data from an I/O device to the memory 
by activating MEMW and IOR. Read transfers move data from 
memory to an I/O device by activating MEMR and IOW. 


Verify transfers are pseudo-transfers. The 82C37A operates 
as in Read or Write transfers generating addresses and 
responding to EOP, etc., however the memory and 1/O 
control lines all remain inactive. Verify mode is not permitted 
for memory-to-memory operation. READY is ignored during 
Verify transfers. 


Autoinitialize - By setting bit 4 in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically restored 
from the Base Address and Base Word Count registers of 
the channel following EOP. The base registers are loaded 
simultaneously with the current registers by the micropro- 
cessor and remain unchanged throughout the DMA service. 
The mask bit is not set when the channel is in Autoinitialize 
mode. Following Autoinitialization, the channel is ready to 
perform another DMA service, without CPU intervention, as 
soon as a valid DREQ is detected, or software request 
made. 


Memory-to-Memory - To perform block moves of data from 
one memory address space to another with minimum of 
program effort and time, the 82C37A includes a memory-to- 
memory transfer feature. Setting bit 0 in the Command 
register selects channels 0 and 1 to operate as memory-to- 
memory transfer channels. 


The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The 82C37A requests a DMA service 
in the normal manner. After HLDA is true, the device, using 
four-state transfers in Block Transfer mode, reads data from 
the memory. The channel 0 Current Address register is the 
source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the 82C37A internal Temporary reg- 
ister. Another four-state transfer moves the data to memory 
using the address in channel one’s Current Address register 
and incrementing or decrementing it in the normal manner. 
The channel 1 Current Word Count is decremented. 


When the word count of channel 1 decrements to FFFFH, a 
TC is generated causing an EOP output, terminating the 
service, and setting the channel 1 TC bit in the Status 
register. The channel 1 mask bit will also be set, unless the 
channel 1 mode register is programmed for autoinitialization. 
Channel 0 word count decrementing to FFFFH will not set 
the channel 0 TC bit in the status register nor generate an 
EOP. nor set the channel 0 mask bit in this mode. It will 
cause an autoinitialization of channel 0, if that option has 
been selected. 


If full Autoinitialization for a memory-to-memory operation is 
desired, the channel 0 and channel 1 word counts must be 
set to equal values before the transfer begins. Otherwise, if 
channel 0 underflows before channel 1, it will autoinitialize 
and set the data source address back to the beginning of the 
block. If the channel 1 word count underflows before channel 
0, the memory-to-memory DMA service will terminate, and 
channel 1 will autoinitialize but channel 0 will not. 


In memory-to-memory mode, Channel O may _ be 
programmed to retain the same address for all transfers. 
This allows a single byte to be written to a block of memory. 
This channel 0 address hold feature is selected by setting bit 
1 in the Command register. 


The 82C37A will respond to external EOP signals during 
memory-to-memory transfers, but will only relinquish the 
system busses after the transfer is complete (i.e. after an 
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S24 state). It should be noted that an external EOP cannot 
cause the channel 0 Address and Word Count registers to 
autoinitialize, even if the Mode register is programmed for 
autoinitialization. An external EOP will autoinitialize the 
channel 1 registers, if so programmed. Data comparators in 
block search schemes may use the EOP input to terminate 
the service when a match is found. The timing of memory-to- 
memory transfers is found in Figure 13. Memory-to-memory 
operations can be detected as an active AEN with no DACK 
outputs. 


Priority - The 82C37A has two types of priority encoding 
available as software selectable options. The first is Fixed 
Priority which fixes the channels in priority order based upon 
the descending value of their numbers. The channel with the 
lowest priority is 3 followed by 2, 1 and the highest priority 
channel, 0. After the recognition of any one channel for ser- 
vice, the other channels are prevented from interfering with 
the service until it is completed. 


The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the 
others rotating accordingly. The next lower channel from the 
channel serviced has highest priority on the following 
request. Priority rotates every time control of the system 
busses is returned to the processor. 


Rotating Priority 


1st 2nd 3rd 
SERVICE SERVICE SERVICE 
Highest 0 


2 «— Service 3<— Service 
14— Service 3 +— Request 0 
Lowest 2 \ 0 1 
3 1 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. 


Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 82C37A. 


Compressed Timing -!In order to achieve even greater 
throughput where system characteristics permit, the 82C37A 
can compress the transfer time to two clock cycles. From 
Figure 12 it can be seen that state S3 is used to extend the 
access time of the read pulse. By removing state S3, the 
read pulse width is made equal to the write pulse width and 
a transfer consists only of state S2 to change the address 
and state S4 to perform the read/write. S1 states will still 
occur when A8-A15 need updating (see Address 
Generation). Timing for compressed transfers is found in 
Figure 15. EOP will output in S2 if compressed timing is 
selected. Compressed timing is not allowed for memory-to- 
memory transfers. 


Address Generation - In order to reduce pin count, the 
82C37A multiplexes the eight higher order address bits on 
the data lines. State S1 is used to output the higher order 


address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by the 82C37A 
directly. Lines AO-A7 should be connected to the address 
bus. Figure 12 shows the time relationships between CLK, 
AEN, ADSTB, DBO-DB7 and AO-A7. 


During Block and Demand Transfer mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place in 
the normal sequence of addresses. To save time and speed 
transfers, the 82C37A executes S1 states only when 
updating of A8-A15 in the latch is necessary. This means for 
long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a savings of 255 clock cycles 
for each 256 transfers. 


Programming 


The 82C37A will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is the 
responsibility of the host to assure that programming and 
HLDA are mutually exclusive. 


Note that a problem can occur if a DMA request occurs on 
an unmasked channel while the 82C37A is being pro- 
grammed. For instance, the CPU may be starting to repro- 
gram the two byte Address register of channel 1 when 
channel 1 receives a DMA request. If the 82C37A is enabled 
(bit 2 in the Command register is 0), and channel 1 is 
unmasked, a DMA service will occur after only one byte of 
the Address register has been reprogrammed. This condi- 
tion can be avoided by disabling the controller (setting bit 2 
in the Command register) or masking the channel before 
programming any of its registers. Once the programming is 
complete, the controller can be enabled/unmasked. 


After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 


Register Description 


Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value of the 
address used during DMA transfers. The address is auto- 
matically incremented or decremented by one after each 
transfer and the values of the address are stored in the Cur- 
rent Address register during the transfer. This register is writ- 
ten or read by the microprocessor in successive 8-bit bytes. 
See Figure 6 for programming information. It may also be 
reinitialized by an Autoinitialize back to its original value. 
Autoinitialize takes place only after an EOP. In memory-to- 
memory mode, the channel 0 Current Address register can 
be prevented from incrementing or decrementing by setting 
the address hold bit in the Command register. 
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Current Word Count Register - Each channel has a 16-bit 
Current Word Count register. This register determines the 
number of transfers to be performed. The actual number of 
transfers will be one more than the number programmed in 
the Current Word Count register (i.e., programming a count 
of 100 will result in 101 transfers). The word count is 
decremented after each transfer. When the value in the 
register goes from zero to FFFFH, a TC will be generated. 
This register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. See Figure 6 
for programming information. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialization 
back to its original value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitialized, this register 
will have a count of FFFFH after TC. 


Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialize these 
values are used to restore the current registers to their 
original values. The base registers are written simulta- 
neously with their corresponding current register in 8-bit 
bytes in the Program Condition by the microprocessor. See 
Figure 6 for programming information. These registers can- 
not be read by the microprocessor. 


Command Register - This 8-bit register controls the opera- 
tion of the 82C37A. It is programmed by the microprocessor 
and is cleared by RESET or a Master Clear instruction. The 
following diagram lists the function of the Command register 
bits. See Figure 4 for Read and Write addresses. 


Command Register 


eres 


BIT NUMBER 


0 Memory-to-memory disable 
1 Memory-to-memory enable 


0 Channel 0 address hold disable 
1 Channel 0 address hold enable 
X IfbitO=0 


0 Controller enable 
1 Controller disable 


0 Normal timing 
1 Compressed timing 
X If bitO=1 


Fixed priority 
1 Rotating priority 


Late write selection 
1 Extended write selection 
X If bit3=1 


0 DREQ sense active high 
1 DREQ sense active low 


0 DACK sense active low 
1 DACK sense active high 


Mode Register - Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by 
the microprocessor in the Program condition, bits 0 and 1 
determine which channel Mode register is to be written. 
When the processor reads a Mode register, bits 0 and 1 will 
both be ones. See the following diagram and Figure 4 for 
Mode register functions and addresses. 


Mode Register 


a Lowey, gorsese! Coen pee 


BIT NUMBER 


00 Channel 0 select 
01 Channel 1 select 
10 Channel 2 select 
11. Channel 3 select 
XX Readback 


00 Verify transfer 

01 Write transfer 

10 Read transfer 

11 Illegal 

XX If bits 6 and 7 = 11 


0 Autoinitialization disable 
1 Autoinitialization enable 


0 Address increment select 
1 Address decrement select 


00 Demand mode select 
01 Single mode select 
10 Block mode select 
11. Cascade mode select 


Request Register - The 82C37A can respond to requests 
for DMA service which are initiated by software as well as by 
a DREQ. Each channel has a request bit associated with it in 
the 4-bit Request register. These are non-maskable and 
subject to prioritization by the Priority Encoder network. 
Each register bit is set or reset separately under software 
control. The entire register is cleared by a Reset or Master 
Clear instruction. To set or reset a bit, the software loads the 
proper form of the data word. See Figure 4 for register 
address coding, and the following diagram for Request 
register format. A software request for DMA operation can 
be made in block or single modes. For memory-to-memory 
transfers, the software request for channel 0 should be set. 
When reading the Request register, bits 4-7 will always read 
as ones, and bits 0-3 will display the request bits of channels 
0-3 respectively. 


Request Register 


id lb ld 


——— 


BIT NUMBER 


00 Select Channel 0 


Don’t Care, 
Write 01 Select Channel 1 
Pa 4-7 10 Select Channel 2 
nes, 
Hoar 11 Select Channel 3 


Reset request bit 
1 Set request bit 
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Mask Register - Each channel has associated with it a mask 
bit which can be set to disable an incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed to Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
or simultaneously under software control. The entire register 
is also set by a Reset or Master clear. This disables all hard- 
ware DMA requests until a Clear Mask Register instruction 
allows them to occur. The instruction to separately set or clear 
the mask bits is similar in form to that used with the Request 
register. Refer to the following diagram and Figure 4 for 
details. When reading the Mask register, bits 4-7 will always 
read as logical ones, and bits 0-3 will display the mask bits of 
channels 0-3, respectively. The 4 bits of the Mask register 
may be cleared simultaneously by using the Clear Mask Reg- 
ister command (see software commands section). 


Mask Register 


BEE 


—y 


BIT NUMBER 


00 Select Channel 0 mask bit 
01 Select Channel 1 mask bit 
10 Select Channel 2 mask bit 
11. Select Channel 3 mask bit 


Don’t Care 


0 Clear mask bit 
1 Set mask bit 


All four bits of the Mask register may also be written with a 
single command. 


BEG EEUS 


BIT NUMBER 


Clear Channel 0 mask bit 


Don’t Care, 
Write 1 Set Channel 0 mask bit 
All Ones, 
Read Clear Channel 1 mask bit 


1 Set Channel 1 mask bit 


Clear Channel 2 mask bit 
1 Set Channel 2 mask bit 


Clear Channel 3 mask bit 
1 Set Channel 3 mask bit 


Status Register - The Status register is available to be read 
out of the 82C37A by the microprocessor. It contains 
information about the status of the devices at this point. This 
information includes which channels have reached a terminal 
count and which channels have pending DMA requests. Bits 
0-3 are set every time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon RESET, 
Master Clear, and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting service, 
regardless of the mask bit state. If the mask bits are set, soft- 
ware can poll the Status register to determine which channels 
have DREQs, and selectively clear a mask bit, thus allowing 
user defined service priority. Status bits 4-7 are updated while 
the clock is high, and latched on the falling edge. Status Bits 
4-7 are cleared upon RESET or Master Clear. 


Status Register 


uOGQRGEE 


BIT NUMBER 
1 Channel 0 has reached TC 
1 Channel 1 has reached TC 
1 Channel 2 has reached TC 
1 Channel 3 has reached TC 
1 Channel 0 request 
1 Channel 1 request 
1 Channel 2 request 
1 Channel 3 request 
Temporary Register - The Temporary register is used to 
hold data during memory-to-memory transfers. Following the 
completion of the transfers, the last byte moved can be read 
by the microprocessor. The Temporary register always 
contains the last byte transferred in the previous memory-to- 


memory operation, unless cleared by a Reset or Master 
Clear. 


Read Status Register 
Write Command Register 
Read Request Register 
Write Request Register 
Read Command Register 
Write Single Mask Bit 
Read Mode Register 
Write Mode Register 

Set First/Last F/F 

Clear First/Last F/F 

Read Temporary Register 
Master Clear 

Clear Mode Reg. Counter 
Clear Mask Register 
Read All Mask Bits 

Write All Mask Bits 
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FIGURE 4. SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 


There are special software commands which can be 
executed by reading or writing to the 82C37A. These com- 
mands do not depend on the specific data pattern on the 
data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 


Clear First/Last Flip-Flop - This command is executed 
prior to writing or reading new address or word count infor- 
mation to the 82C37A. This command initializes the flip-flop 
to a known state (low byte first) so that subsequent accesses 
to register contents by the microprocessor will address 
upper and lower bytes in the correct sequence. 


Set First/Last Flip-Flop - This command will set the flip-flop 
to select the high byte first on read and write operations to 
address and word count registers. 


Master Clear - This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary registers, and Internal First/Last Flip-Flop 
and mode register counter are cleared and the Mask register 
is set. The 82C37A will enter the idle cycle. 


Clear Mask Register - This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 


CHANNEL REGISTER OPERATION 


7 Base and Current Address 


Current Address 
Base and Current Word 


Count 
Current Word Count 


Base and Current Address 


Current Address 


Base and Current Word 
Count 
Current Word Count 


Base and Current Address 
Current Address 
Base and Current Word 


Count 
Current Word Count 


Base and Current Address 


Current Address 


Base and Current Word 
Count 
Current Word Count 
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SIGNALS FIRST/LAST 


Clear Mode Register Counter - Since only one address 
location is available for reading the Mode registers, an inter- 
nal two-bit counter has been included to select Mode regis- 
ters during read operation. To read the Mode registers, first 
execute the Clear Mode Register Counter command, then 
do consecutive reads until the desired channel is read. Read 
order is channel 0 first, channel 3 last. The lower two bits on 
all Mode registers will read as ones. 


External EOP Operation 


The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up resis- 
tor to Vcc is required. The value of the external pull-up 
resistor used should guarantee a rise time of less than 
125ns. It is important to note that the 82C37A will not accept 
external EOP signals when it is in a SI (Idle) state. The 
controller must be active to latch EXT EOP. Once latched, 
the EXT EOP will be acted upon during the next S2 state, 
unless the 82C37A enters an idle state first. In the latter 
case, the latched EOP is cleared. External EOP pulses 
occurring between active DMA transfers in demand mode 
will not be recognized, since the 82C37A is in an Sl state. 


DATA 
BUS 
DBO-DB7 


A0-A7 
A8-A15 
A0-A7 
A8-A15 
WO0-W7 
W8-W15 
W0-W7 
W8-W15 


FLIP-FLOP 
STATE 


0 0 0 0 0 
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FIGURE 5. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 


Figure 6 shows an application for a DMA system utilizing the 
82C37A DMA controller and the 80C88 Microprocessor. In 
this application, the 82C37A DMA controller is used to 
improve system performance by allowing an I/O device to 
transfer data directly to or from system memory. 


Components 


The system clock is generated by the 82C84A clock driver 
and is inverted to meet the clock high and low times required 
by the 82C37A DMA controller. The four OR gates are used 
to support the 80C88 Microprocessor in minimum mode by 
producing the control signals used by the processor to 
access memory or I/O. A decoder is used to generate chip 
select for the DMA controller and memory. The most signifi- 
cant bits of the address are output on the address/data bus. 
Therefore, the 82C82 octal latch is used to demultiplex the 


82C84A 
OR 
82C85 


MEMORY 


NOTE: The address lines need pull-up resistors. 


DECODER 


DATA BUS 


address. Hold Acknowledge (HLDA) and Address Enable 
(AEN) are “ORed” together to insure that the DMA controller 
does not have bus contention with the microprocessor. 


Operation 


A DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue a 
Hold request (HRQ) to the processor. The system busses 
are not released to the DMA controller until a Hold Acknowl- 
edge signal is returned to the DMA controller from the 
80C88 processor. After the Hold Acknowledge has been 
received, addresses and control signals are generated by 
the DMA controller to accomplish the DMA transfers. Data is 
transferred directly from the I/O device to memory (or vice 


versa) with IOR and MEMW (or MEMR and IOW) being 
active. Note that data is not read into or driven out of the 
DMA controller in 1/O-to-memory or memory-to-I/O data 
transfers. 


Vcc 


82C37A 


| apetayag BUS 
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DEVICE 
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FIGURE 6. APPLICATION FOR DMA SYSTEM 
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Figure 7 shows an application for a DMA system using the 
82C37A DMA controller and the 80C286 Microprocessor. 


In this application, the system clock comes from the 82C284 
clock generator PCLK signal which is inverted to provide 
proper READY setup and hold times to the DMA controller in 
an 80C286 system. The Read and Write signals from the 
DMA controller may be wired directly to the Read/Write con- 
trol signals from the 82C288 Bus Controller. The octal latch 


80C286 


A0-A23 


DREQ 0-3 


CHIP SELECT 
|DECODE TO MEMORY/ 
PERIPHERALS 


for A8-A15 from the DMA controller's data bus is on the local 
80C286 address bus so that memory chip selects may still 
be generated during DMA transfers. The transceiver on A0O- 
A7 is controlled by AEN and is not necessary, but may be 
used to drive a heavily loaded system address bus during 
transfers. The data bus transceivers simply isolate the DMA 
controller from the local microprocessor bus and allow pro- 
gramming on the upper or lower half of the data bus. 


LATCH 


MEMR 
MEMORY MEMW 
MEMCS 
DEVICE s 
jOw 
DREQ 
CS}e— DACK 


TO CORRESPONDING 
82C288 SIGNALS AND 
MEMORY/PERIPHERALS 


DACK 0-3 


FIGURE 7. 80C286 DMA APPLICATION 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage... 0.2.0.0... ccc cece eee eee neces +8.0V Thermal Resistance (Typical) Byn (CCIW) 8jc (CCW) 
Input, Output or I/O Voltage ........... GND -0.5V to Voc +0.5V CERDIP Package ................ 50 10 
ESO CIMSSICAUON cui stee eed Shee este wikis deen oes Class 1 CLOC Package ...sccivsesacvecne 65 14 
; POMP POCKBOG + o444 0 0b8 exe nd ovens 50 N/A 
Operating Conditions PLCC Package ....scsencecaansns 46 N/A 
Oo Oo 
Operating Voltage Range..................2.. +4.5V to +5.5V Storage Temperature ANGE s «444564 i tape “65'C to “as 
Operating Temperature Range Maximum Junction Temperature Ceramic Package ....... i 
CB2C37A ............ eee 0°C to +70°C Maximum Junction Temperature Plastic Package......... +150°C 
EG anew etakGhe ah fen naa $ oan 25h ed eines -40°C to +85°C girl Lead Temperature Package . 
MB2C37A . o.oo eee cc cece ccc eceeeeee. 55°C to +125°C —«- (Soldering 10s) ............. 2s. ese e esses eee, +300°C 


(PLCC - Lead Tips Only) 


Die Characteristics 
Se COUN kx cacexcddkkoemaed oe akevnunkeaeeunaa 2325 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = +5.0 +10%, Ta = 0°C to +70°C (C82C37A) 
Ta = -40°C to +85°C (182C37A) 
Ta = -55°C to +125°C (M82C37A) 


a 
ce a 
a 
Co 

= 


Output HIGH Voltage 
Vcc -0.4 


Output LOW Voltage 


IOH = -2.5mA 
IOH = -100nA 


IOL = +2.5mA all output except EOP, 
IOL = +3.2mA for EOP pin 36 only. 


VIN = GND or Vco, Pins 6, 7, 11-13, 16-19 


VOUT = GND or Vcc, Pins 1-4, 21-23, 26-30, 
32-40 


Voc = 5.5V, VIN = Vcc or GND, Outputs 
Open 

mA/MHz | Vcc = 5.5V, CLK FREQ = Maximum, 
VIN = Vcc or GND, Outputs Open 


TEST CONDITIONS 


FREQ = 1MHz, All measurements are 
referenced to device GND 


_ Input Leakage Current 


Output Leakage Current a 


ICCSB Standby Power Supply 
Current 

ICCOP Operating Power Supply 
Current 


Capacitance Ty, = +25°C 


Ss 
a 
[cour [emwcmaee [e 
Ss 
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AC Electrical Specifications Voc = +5.0V +10%, GND = OV, Ta, = 0°C to +70°C (C82C37A), 
Ta = -40°C to +85°C (182C37A), 
Ta = -55°C to +125°C (M82C37A) 


82C37A-5 82C37A 82C37A-12 


DB Active to Float Delay from CLK 
HIGH 


6)TAHR 


OD 


ADR from READ HIGH Hold Time TCY-100 TCY-65 


7)TAHS 


ce 


DB from ADSTB LOW Hold Time TCL-18 TCL-18 


8)TAHW 


im) 


TCY-50 


DMA (MASTER) MODE 

(1)TAEL AEN HIGH from CLK LOW (S1) Delay 105 
Time 

(2)TAET AEN LOW from CLK HIGH (SI) Delay 
Time 

(3)TAFAB ADR Active to Float Delay from CLK 55 
HIGH 

(4)TAFC READ or WRITE Float Delay from 75 

CLK HIGH 
(5)TAFDB 135 


ADR from WRITE HIGH Hold Time TCY-65 


(9)TAK DACK Valid from CLK LOW 
Delay Time 


EOP HIGH from CLK HIGH Ee 


Delay Time 


EOP LOW from CLK HIGH 
Delay Time 


(10)TASM 
(11)TASS 


DB to ADSTB LOW Setup Time TCH-20 


(12)TCH CLK HIGH Time (Transitions 10ns) 


(13)TCL CLK LOW Time (Transitions 10ns) 
(14)TCY CLK Cycle Time 


(15)TDCL CLK HIGH to READ or WRITE LOW 


@ 
© 
i 


(17)TDCTW WRITE HIGH from CLK HIGH (S4) 
Delay Time 


(18)TDQ HRQ Valid from CLK HIGH 


ADR Stable from CLK HIGH aE. pc 
TCH-20 dE TCH-20 


oO 
© 
& 
= 
3 
@ 


(19)TEPH OP Hold Time from CLK LOW (S2) 


(20)TEPS EOP LOW to CLK LOW Setup Time 


(16)TDCTR READ HIGH from CLK HIGH (S4) 
Delay Time 
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AC Electrical Specifications Vcc = +5.0V +10%, GND = OV, Ta, = 0°C to +70°C (C82C37A), 
Ta = -40°C to +85°C (I82C37A), 
Ta = -55°C to +125°C (M82C37A) (Continued) 


82C37A-5 82C37A 82C37A-12 
PARAMETER 


SYMBOL UNITS 


sii | es 
famrern [eorremwen [eet fe [P= [fe 
ares [romvvoonrmencxner | [ve [ [ef [= [= 
ems femormrrnn TT 
CLK HIGH 
core [tevvowerencicnen | [ve [fe | | * [ae 
eons fraorwarwcucnovenerme |r [fe [fe | [= 
a a a i a 
Hold Time 
ae a Meee en Dae es Dee Da 
Setup Time 
aaa ae a a Di 
Hold Time 
ear [owstonavenwmenmnes [roves [ [rere [ [revo | [= 
a eae ns es a a DD 
Setup Time 
sme [exwreoriownermme f= [f= | fe [Pe 
cares [reorwoxiowsaemm fe | [= [fe [f= 
aaa es Gs es ie ns 
Delay Time 
eres [acre Pe ep 
Delay Time 
corwneo [Renorowrnonwarenonf 0 [fe [Ps [Pe 
sree [RemGPosewemnonarrewe [aroveo| [arora | facves| [me 
fone [rosteruewen [rere | [rer [rors | 
corms [emvemswaTErewan —[aorwol [acres] [aroveo |e 
swam [wererwewen [roo | [reves [freee |e 
carninie [FAT wan cows | vovee [ [rere [ [roves | [= 
carne [romvawwremiow Te ff fff 
jena fronvenwwarerow TP TP | fe 
Ca al A 
CSN ca A 
common [wmrenorersewe fe [|e [fe ff 
eh 


(61)TDVRL | DACK Valid to READ LOW 


4-207 


CMOS 
PERIPHERALS 


82C37A 


AC Electrical Specifications Voc = +5.0V +10%, GND = OV, Ta, = 0°C to +70°C (C82C37A), 
Ta = -40°C to +85°C (182C37A), 
Ta = -55°C to +125°C (M82C37A) (Continued) 


82C37A-5 82C37A 82C37A-12 
SYMBOL PARAMETER | MINS 


es ee 
a 
100 

140 120 

85 
300 
155 
10 


UNITS 


PERIPHERAL (SLAVE) MODE 


(47) TRDF DB Float Delay from READ HIGH 
(48)TRSTD Power Supply HIGH to RESET LOW 
Setup Time 


(49)TRSTS __| RESET to First JOR or IOW 2TCY | 2Tcy | 
) 


a 
= 
: =< — 
| = <— 
| — <a 
| — _ 
cm cca 


5 
(46)TRDE Data Access from READ 


3 


25 
2 12 
-2.5 
10 
150 
s) 
500 
300 00 
10 10 
150 45 


2TCY aa 2TCY 


aren [pscinmnm fe |p | 

ES A 
Hold Time 

eae — [omnntanenormerm ee | = 

(55)TWWS._| WRITE Pulse Width | 180 | | 100 45 | 
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Timing Waveforms 


TAWL 
TWA (52) 


AO -A3 ‘ INPUT VALID Ea 


TDW TWD (54) 
aihcneaaiineiaainenen (GRRE 
DBO - DB7 ‘ INPUT VALID 5 


FIGURE 8. SLAVE MODE WRITE 
NOTE: Successive WRITE accesses to the 82C37A must allow at least TCY as recovery time between accesses. A TCY recovery time must 
be allowed before executing a WRITE access after a READ access. 


A0-A3 


DBO -DB7 


DATA OUT VALID > 


CMOS 
PERIPHERALS 


FIGURE 9. SLAVE MODE READ 
NOTE: Successive READ accesses to the 82C37A must allow at least TCY as recovery time between accesses. A TCY recovery time must 
be allowed before executing a READ access after a WRITE access. 
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Timing Waveforms (continued) 


CLK 


DREQ 


HR 


© 


HLDA 


AEN 


ADSTB 


DBO-DB7 


A0-A7 


DACK 


WRITE 


INT EOP 


EXT EOP 


TCY 
(14) 
TCL a TCH 
(12) 


S0 $1 $2 $3 S4 
TDQ 
Tt - 


TDQ 
(18) 


THS __. 
(25) 
pL = 
<= TAET 
TAEL (2) 
i: iamiiead i 
emer asoee a atae? 
TCLSH TRHAL 
(33) —> x (58) 
enactment 
TAK (9) 
TFADB 
co m= 
ree ceo anomncwemsonaed «= 
A TA iF 
sles | TAFDE (10) <——TAFAB (3) 
TFAAB (5) i 
(22) 7) rl TAHW (8) 
mA 
I} <— TAHR (6) 
aacneanen seteen mene 
TFAC TAFC (4) 
(23) > i TDCTR (16) 
v ’ 
Te, im LF TDCTW (17) 
TDCL (15 
secel: | ___ Twi (39) 
aaa eee eeetiaeeen oh 
(FOR EXTENDED WRITE) te TEE F TAK (9) 
(62) (38) | a 
mwamemnecnirss cumin 
(FOR EXTENDED WRITE) 
—s| | <— TAK (9) 
ee TEPW (21) 
ae nemmmatuaicnmen miey \ 
AN AN ANANY THMMMMMMM MA, 


FIGURE 10. DMA TRANSFER 
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Timing Waveforms (Continued) 


so $11 $12 $13 S14 $21 $22 $23 S24 $11/SI 
CLK 
TCLSH 
(33) (33) 
CLSH Z 
ADSTB i 
TAFAB 
TFAAB (22) —» —=— (3) 
TASS (11) = 
A0-A7 (| | | ADDRESS VALID ADDRESS VALID ee 
TAFDB 
TFADB (24) 5) i 
DBO-DB7 fA8-A15 Yr ~=6©OuT. o?t 
24) i 
TFADB | TOVD TODH (28) 
TAFC 
TFAC (23) —» TIDH (26)| (29) ate] fom (A) 
MEMR 
TFAC (23) —» 
MEMW 
EOP 
EXT EOP 


FIGURE 11. MEMORY-TO-MEMORY TRANSFER 


$2 $3 SW SW S4 


(15) 
; TDCL feces (17 
| “toe 
WRit 
EXTENDED WRITE —=® 


(1)TRH—=| |< 
(32)TRS —s |< — (31) 
TRH 


READY 


FIGURE 12. READY 
NOTE: READY must not transition during the specified setup and hold times. 
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Timing Waveforms (Continued) 


$2 


S4 $2 


Ae — ve = |_ TDCL __FDCTR 
15 16 
— SS ee (15) (16) 
(40) 
TDCTW, 
Be ee 
WRITE 7) 
— TRH (31) —s| |<—TRH (31) 
TRS (32) =e TRS (32) —»|  |<— 
READY 
FIGURE 13. COMPRESSED TRANSFER 
_ f/f, wn SC 
Voc ee (48) TRSTD ————» 
<— (50) TRSTW —» 
RESET 
49) TRSTS 
iOR OR 1OW saan tll 
FIGURE 14. RESET 
AC Test Circuits AC Testing Input, Output Waveforms 
v1 
VIH + 0.4V VOH 
R1 INPUT 1.5V 1.5V OUTPUT 
OUTPUT FROM VIL - 0.4V VOL 
DEVICE UNDER TEST POINT 
TEST 
C1 (NOTE) Z>LORH VOH VOH LORH>Z 
> OUTPUT pt > OUTPUT 
NOTE: Includes STRAY and FIXTURE Capacitance VOL VOL 


TEST CONDITION DEFINITION TABLE 


A 
Ce 


NOTE: AC Testing: All AC Parameters tested as per test circuits. 
Input RISE and FALL times are driven at Ins/V. CLK input 
must switch between VIHC +0.4V and VILC -0.4V 
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Burn-In Circuits 


MD82C37A CERDIP 
vcc de nt 40) ick vcc/2 
R2 R1 
DOS 2 39) vcc/2 
VCCI2 Atay FEW VCCI2 
R1 
vcc/2 4a 37 _ vCC/2 
VCC/2 B 36 ia A 
a Ri = a R1 voc 
R3 R2 
viet R1 = Ri ste 
vCC/2 " 8 | 33 = vcc 
VCC/2 : 9] 32 = DOO 
R1 
vCCc/2 10 31 B 
R2 R2 
DO5 at 30} DO2 
R2 R2 
F1 = i 29 es DO3 
DO6 13} 28 DO4 
R2 R2 
vcc/2 14) 27 F10 
R1 R2 
vcc/2 15 126 FQ 
R1 R1 
Fi2 = 16) 25 = vcc/2 
F13 = i 24 = vcc/2 
F14 i 23 F8 
R1 R2 
F15 19 22 = DO4 
GND 20) 21) F7 
MR82C37A CLCC 
S852 08898 _ * Z 
q<>355 gs >>>5 <« <q 
D1 na 
O Ww 
Ss 
A B Oo 2 
x 
Lu 
C1 C1 Oo. 
OPEN 
OPEN Vec i I 
DO5 DO1 
vcc/2 Voc 
vcc/2 B 
vcc/2 DO2 
DO5 DO3 
F1 DO4 
D06 F10 
VCC/2 F9 
OPEN OPEN 
noertngewzt oo 
= | SS Li 
gecrcs gs 33 
> > > 
NOTES: 
1. Voc = 5.5V + 0.5V 7. C1 =0.01pF minimum 
2. VIH=4.5V + 10% 8. C2 = 0.1pF minimum 
3. VIL = -0.2V to 0.4V 9. D1 = 1N4002 
4. GND =0V 10. FO = 100kHz +10% 
§. Al = 1.2k02 45% 11. Fi = Fo/2, F2 = Fi... F15 = Fl4/2 
6. R2 = 47kQ +5% 12. DOO - DOG are outputs from the 82C82 Octal Latching Bus Driver 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 


WORST CASE CURRENT DENSITY: 
METALLIZATION: 0.6 x 10° Alem? 


Type: SiAlCu 
Thickness: Metal 1: 8kA as 0.75kA 
Thickness: Metal 2: 12kA + 1.0kA 


Metallization Mask Layout 
82C37A 


ii 
rs 
| 


Tanne 


i 


= 
= 
P. 


Us 
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tt SEMICONDUCTOR 


March 1997 CMOS Programmable Interval Timer 
Features Description 
¢ 8MHz to 12MHz Clock Input Frequency The Harris 82C54 is a high performance CMOS Programma- 
° Compatible with NMOS 8254 ble Interval Timer manufactured using an advanced 2 micron 


- Enhanced Version of NMOS 8253 CMOS process. 


Three Independent 16-Bit Counters The 82C54 has three independently programmable and 


functional 16-bit counters, each capable of handling clock 


* Six Programmable Counter Modes input frequencies of up to 8MHz (82C54) or 10MHz 
e Status Read Back Command (82C54-10) or 12MHz (82C54-12). 

e Binary or BCD Counting The high speed and industry standard configuration of the 
° Fully TTL Compatible 82C54 make it compatible with the Harris 80C86, 80C88, 


and 80C286 CMOS microprocessors along with many other 


* Single 5V Power Supply industry standard processors. Six programmable timer 
e Low Power modes allow the 82C54 to be used as an event counter, 
+ TOS wiv eites oes ehh es bonne bveneecnwes 10uA elapsed time indicator, programmable one-shot, and many 
A (cy 00) - 10mA at 8MHz_ her applications. Static CMOS circuit design insures low 


power operation. 


Operating Temperature Ranges 
Ay ot: 01 <7. 0°C to+70°c ~=—s he Harris advanced CMOS process results in a significant 


reduction in power with performance equal to or greater than 


Ano fe) 
ot BIGGS oc vewcewedsiswrbsenvxewns 40°C to +85°C eicnie eoehulent acoiutie 
w MBBC654 . cacvsencusesecseuvesws -55°C to +125°C ‘s 
ial 
ne 
Pinouts O wl 
82C54 (PDIP, CERDIP, SOIC) 82054 (PLCC/CLCC) = ~ 
TOP VIEW TOP VIEW r 
Lid 
A. 


na} psy 4} Ly [te 18 
O Oo 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2970.1 


Copyright © Harris Corporation 1997 4-215 
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Ordering Information 


[au [__foMaz =<] 12MAz | _—_RANGE 


iPaacss ____[iPaacsato ___|ireccseie | 4001850 _[esteadPOP ease 
[esezoss _____[osaecsa-t0 ___fossacsate | 01170 _[2BteadPLOO____|NOB.45 
saacse ____[issacsato ____fiseecsrie | #01 50 [2B Lead PLCC |N2B.A5 
Ze 

BBA 


ea was 84065023A -55°C to +125°C 28 Lead CLCC J28.A 
0°C to +70°C 24 Lead SOIC M24.3 


CM82C54-10 CM82C54-12 


Functional Diagram 
DATA/ 
D7 -Do BUS INTERNAL BUS 


BUFFER 


CONTROL STATUS 
WORD LATCH 
STATUS 

REGISTER || J 
P 4 
a Ee 
et 


ee 


INTERNAL BUS 


CONTROL 
WORD 
REGISTER 


CLK n OUT n 
COUNTER INTERNAL BLOCK DIAGRAM 


Pin Description 


DIP PIN 
SYMBOL | NUMBER TYPE DEFINITION 


D7 - DO DATA: Bi-directional three-state data bus lines, connected to system data bus. 
CLK 0 [-@ | 7 | CLOCK 0: Clock input of Counter 0. 
OUT 0 | 10 | OF OUT 0: Output of Counter 0. 


GATE 0: Gate input of Counter 0. 
GROUND: Power supply connection. 
OUT 1: Output of Counter 1. 


ee cence! 
eae 
a 
| GATE? [| 14 | ot | GATE 1: Gate input of Counter 1. 
eens 
a 
ae 


CLOCK 1: Clock input of Counter 1. 


GATE 2: Gate input of Counter 2. 
OUT 2: Output of Counter 2. 
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Pin Description (continued) 


AO, A1 19-20 ADDRESS: Select inputs for one of the three counters or Control Word Register for read/write 
ae a Control Word Register 


operations. Normally connected to the system address bus. 
CHIP SELECT: A low on this input enables the 82C54 to respond to RD and WR signals. RD and 
WR are ignored otherwise. 


Le 
| RD | 2 | to | READ: This input is low during CPU read operations. 


a 
| WR | 2 | || WRITE: This input is low during CPU write operations. 


DIP PIN 
SYMBOL | NUMBER TYPE DEFINITION 
a (2 
Vcc Voc: The +5V power supply pin. A 0.1,.F capacitor between pins VCC and GND is recommended 
for decoupling. 


[ork [TOC a Gockinpat of Counter 
a (2c 
Functional Description 


General 


The 82C54 is a programmable interval timer/counter 
designed for use with microcomputer systems. It is a general p,-Dp 
purpose, multi-timing element that can be treated as an 

array of I/O ports in the system software. 


The 82C54 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in software, the programmer configures the 82C54 to 
match his requirements and programs one of the counters 
for the desired delay. After the desired delay, the 82C54 will 
interrupt the CPU. Software overhead is minimal and vari- 
able length delays can easily be accommodated. 


>235a 


” 
~ 
a 
= 
< 
z 
3 


al 


Some of the other computer/timer functions common to micro- 
computers which can be implemented with the 82C54 are: 

e Real time clock 

¢ Event counter 

¢ Digital one-shot 

e Programmable rate generator 

e Square wave generator 


° Binary rate multiplier FIGURE 1. DATA BUS BUFFER AND READ/WRITE LOGIC 
FUNCTIONS 

¢ Complex waveform generator 

¢ Complex motor controller Read/Write Logic 

Data Bus Buffer The Read/Write Logic accepts inputs from the system bus and 


generates control signals for the other functional blocks of the 

This three-state, bi-directional, 8-bit buffer is used to inter- g9054 A1 and AO select one of the three counters or the Con- 

face the 82C54 to the system bus (see Figure 1). trol Word Register to be read from/written into. A “low” on the 
RD input tells the 82C54 that the CPU is reading one of the 
counters. A “low’ on the WR input tells the 82C54 that the CPU 
is writing either a Control Word or an initial count. Both RD and 
WR are qualified by CS; RD and WR are ignored unless the 
82C54 has been selected by holding CS low. 
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Control Word Register 


The Control Word Register (Figure 2) is selected by the 
Read/Write Logic when A1, AO = 11. If the CPU then does a 
write operation to the 82C54, the data is stored in the Con- 
trol Word Register and is interpreted as a Control Word used 
to define the Counter operation. , 


The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 


” 
| 
a 
ond 
< 
z 
ia 
LM 
2 


FIGURE 2. CONTROL WORD REGISTER AND COUNTER 
FUNCTIONS 


Counter 0, Counter 1, Counter 2 


These three functional blocks are identical in operation, so 
only a single Counter will be described. The internal block 
diagram of a signal counter is shown in Figure 3. The 
counters are fully independent. Each Counter may operate 
in a different Mode. 


The Control Word Register is shown in the figure; it is not 
part of the Counter itself, but its contents determine how the 
Counter operates. 


The status register, shown in the figure, when latched, con- 
tains the current contents of the Control Word Register and 
status of the output and null count flag. (See detailed expla- 
nation of the Read-Back command.) 


The actual counter is labeled CE (for Counting Element). It is 
a 16-bit presettable synchronous down counter. 


INTERNAL BUS 


CONTROL 
WORD 
REGISTER 


if 

= J 

Zan | cra | 
afc 


CLKn OUThn 


FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM 


OLM and OLL are two 8-bit latches. OL stands for “Output 
Latch”; the subscripts M and L for “Most significant byte” and 
“Least significant byte”, respectively. Both are normally referred 
to as one unit and called just OL. These latches normally “fol- 
low” the CE, but if a suitable Counter Latch Command is sent to 
the 82C54, the latches “latch” the present count until read by 
the CPU and then return to “following” the CE. One latch at a 
time is enabled by the counters Control Logic to drive the inter- 
nal bus. This is how the 16-bit Counter communicates over the 
8-bit internal bus. Note that the CE itself cannot be read; when- 
ever you read the count, it is the OL that is being read. 


Similarly, there are two 8-bit registers called CRM and CRL (for 
“Count Register’). Both are normally referred to as one unit and 
called just CR. When a new count is written to the Counter, the 
count is stored in the CR and later transferred to the CE. The 
Control Logic allows one register at a time to be loaded from 
the internal bus. Both bytes are transferred to the CE simulta- 
neously. CRM and CRL are cleared when the Counter is pro- 
grammed for one byte counts (either most significant byte only 
or least significant byte only) the other byte will be zero. Note 
that the CE cannot be written into; whenever a count is written, 
it is written into the CR. 


The Control Logic is also shown in the diagram. CLK n, 
GATE n, and OUT n are all connected to the outside world 
through the Control Logic. 


82C54 System Interface 


The 82C54 is treated by the system software as an array of 
peripheral I/O ports; three are counters and the fourth is a 
control register for MODE programming. 


Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method or 
it can be connected to the output of a decoder. 
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Operational Description 
General 


After power-up, the state of the 82C54 is undefined. The 
Mode, count value, and output of all Counters are undefined. 


How each Counter operates is determined when it is pro- 
grammed. Each Counter must be programmed before it can 
be used. Unused counters need not be programmed. 


Programming the 82C54 


Counters are programmed by writing a Control Word and 
then an initial count. 


All Control Words are written into the Control Word Register, 
which is selected when A1, AO = 11. The Control Word spec- 
ifies which Counter is being programmed. 


By contrast, initial counts are written into the Counters, not 
the Control Word Register. The A1, AO inputs are used to 
select the Counter to be written into. The format of the initial 
count is determined by the Control Word used. 


ADDRESS BUS (16 


CONTROL BUS 


a COUNTER aia La 
1 


| eleteeeeettieeimeniemenn Hl aeeinenemnediinmemeniann tnt caammmmantiememammens 
OUTGATECLK OUTGATECLK OUTGATECLK 


FIGURE 4. 82C54 SYSTEM INTERFACE 
Write Operations 


The programming procedure for the 82C54 is very flexible. 
Only two conventions need to be remembered: 


1.For Each Counter, the Control Word must be written 
before the initial count is written. 


2. The initial count must follow the count format specified in the 
Control Word (least significant byte only, most significant byte 
only, or least significant byte and then most significant byte). 


Since the Control Word Register and the three Counters have 
separate addresses (selected by the A1, AO inputs), and each 
Control Word specifies the Counter it applies to (SCO, SC1 bits), 
no special instruction sequence is required. Any programming 
sequence that follows the conventions above is acceptable. 


Control Word Format 
Ai, A0=11;CS =0; RD=1; WR=0 


Tor [os [os [ [os] om] oo, 
rsor [soo [rawr] awo] we] wi | wo | 800” 


SC - Select Counter 


i 
a 
a 
Oe 


RW - Read/Write 


| Oo | 0 | Counter Latch Command (See Read Operations) 
| o | 1 | Read/Write least significant byte only. 
| | oe | Read/Write most significant byte only. 


1 1 | Read/Write least significant byte first, then most 
significant byte. 


M - Mode 


CL 

ee 

ee 

ee 
1 


ee 
ae ee 
BCD - Binary Coded Decimal 


| oe | Binary Counter 16-bit 
Binary Coded Decimal (BCD) Counter (4 Decades) 


NOTE: Don't Care bits (X) should be 0 to insure compatibility with 
future products. 


Possible Programming Sequence 


Control Word - Counter 0 


LSB of Count - Counter 0 


MSB of Count - Counter 0 


a 
3 ie ae 
: oo 

: oo 
[ContorwWord-commtert «dt Yt 
LSB ofGount-Couner? «dt tt 
[NSB ofGount-Countert_———«dt | 
LS6 of GountCounere———*+dt_ + (| 0 
Caf 

CA 

an 

See ae 

ae acne 

_ 


MSB of Count - Counter 2 


Possible Programming Sequence 


ee 
LSB ofGount-Counter? Sd 
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Possible Programming Sequence (Continued) 


CO 
[sBeiomnt- Gomer? Sid) tt 
LSB of Count-Couniero = 
MBB cfCount-Gountero——<d[ 8 | 
[NSB cfount-Countei__———~dt | 
MSE cfount-Counter@__——~«t 1 0 


Possible Programming Sequence 


Control Word - Counter 2 Ft | 
Control Word - Counter 1 { { 


LSB of Count - Counter 2 
MSB of Count - Counter 2 


: 
NSB of Count-Courteri___——«dt_ | 
LSB fCount-Counero———idt 
MBB cfount-Counie_——«dt 


Possible Programming Sequence 


Control Word - Counter 1 | 4 | a 


Control Word - Counter 0 | 2. 
[EsBofGount-Coumert | OL 
Control Word - Counter 2 1 1 
LSB of Count - Counter 0 
MSB of Count - Counter 1 
1 


ae 
oe 
as 
all 
ae 


MSB of Count - Counter 2 


NOTE: In all four examples, all counters are programmed to 
Read/Write two-byte counts. These are only four of many 
programming sequences. 


A new initial count may be written to a Counter at any time 
without affecting the Counters programmed Mode in any way. 
Counting will be affected as described in the Mode definitions. 
The new count must follow the programmed count format. 


lf a Counter is programmed to read/write two-byte counts, 
the following precaution applies. A program must not transfer 
control between writing the first and second byte to another 
routine which also writes into that same Counter. Otherwise, 
the Counter will be loaded with an incorrect count. 


Read Operations 


It is often desirable to read the value of a Counter without 
disturbing the count in progress. This is easily done in the 
82C54. 


There are three possible methods for reading the Counters. 
The first is through the Read-Back command, which is 


explained later. The second is a simple read operation of the 
Counter, which is selected with the A1, AO inputs. The only 
requirement is that the CLK input of the selected Counter 
must be inhibited by using either the GATE input or external 
logic. Otherwise, the count may be in process of changing 
when it is read, giving an undefined result. 


Counter Latch Command 


The other method for reading the Counters involves a spe- 
cial software command called the “Counter Latch Com- 
mand”. Like a Control Word, this command is written to the 
Control Word Register, which is selected when A1, AO = 11. 
Also, like a Control Word, the SCO, SC1 bits select one of 
the three Counters, but two other bits, D5 and D4, distin- 
guish this command from a Control Word. 


Ai, A0= 11; CS =0; RD =1; WR=0 


SC1, SCO - specify counter to be latched 


7a eee eee 
i eee eee 
pot Pt Read-Back Command 


D5, D4 - 00 designates Counter Latch Command, X - Don’t Care. 
NOTE: Don’t Care bits (X) should be 0 to insure compatibility with 
future products. 


The selected Counter’s output latch (OL) latches the count 
when the Counter Latch Command is received. This count is 
held in the latch until it is read by the CPU (or until the Counter 
is reprogrammed). The count is then unlatched automatically 
and the OL returns to “following” the counting element (CE). 
This allows reading the contents of the Counters “on the fly’ 
without affecting counting in progress. Multiple Counter Latch 
Commands may be used to latch more than one Counter. 
Each latched Counter’s OL holds its count until read. Counter 
Latch Commands do not affect the programmed Mode of the 
Counter in any way. 


If a Counter is latched and then, some time later, latched 
again before the count is read, the second Counter Latch 
Command is ignored. The count read will be the count at the 
time the first Counter Latch Command was issued. 


With either method, the count must be read according to the 
programmed format; specifically, if the Counter is pro- 
grammed for two byte counts, two bytes must be read. The 
two bytes do not have to be read one right after the other; 
read or write or programming operations of other Counters 
may be inserted between them. 


Another feature of the 82C54 is that reads and writes of the 
same Counter may be interleaved; for example, if the 
Counter is programmed for two byte counts, the following 
sequence is valid. 
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1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4.Write new most significant byte. 


If a counter is programmed to read or write two-byte counts, 
the following precaution applies: A program MUST NOT 
transfer control between reading the first and second byte to 
another routine which also reads from that same Counter. 
Otherwise, an incorrect count will be read. 


Read-Back Command 


The read-back command allows the user to check the count 
value, programmed Mode, and current state of the OUT pin 
and Null Count flag of the selected counter(s). 


The command is written into the Control Word Register and 
has the format shown in Figure 5. The command applies to 
the counters selected by setting their corresponding bits D3, 
D2, D1 = 1. 


AO, A1 = 11; CS =0; RD=1; WR=0 


erpes] os [ps] os | v2 | oi] 00 
BO Rd a a 


Latch count of selected Counter (s) 


on : = Latch status of selected Counter(s) 
D3: 1 = Select Counter 2 
D2: 1 = Select Counter 1 
D1: 1 = Select Counter 0 


DO: Reserved for future expansion; Must be 0 
FIGURE 5. READ-BACK COMMAND FORMAT 


The read-back command may be used to latch multiple 
counter output latches (OL) by setting the COUNT bit D5 = 0 
and selecting the desired counter(s). This signal command 
is functionally equivalent to several counter latch commands, 
one for each counter latched. Each counter’s latched count 
is held until it is read (or the counter is reprogrammed). That 
counter is automatically unlatched when read, but other 
counters remain latched until they are read. If multiple count 
read-back commands are issued to the same counter with- 
out reading the count, all but the first are ignored; i.e., the 
count which will be read is the count at the time the first 
read-back command was issued. 


The read-back command may also be used to latch status 
information of selected counter(s) by setting STATUS bit D4 
= 0. Status must be latched to be read; status of a counter is 
accessed by a read from that counter. 


The counter status format is shown in Figure 6. Bits D5 
through DO contain the counter’s programmed Mode exactly 
as written in the last Mode Control Word. OUTPUT bit D7 
contains the current state of the OUT pin. This allows the 
user to monitor the counter’s output via software, possibly 
eliminating some hardware from a system. 


eee LILICICILICI 


OUTPUT NULL RW1 | RWO M1 BCD 
COUNT 


D7: 1 =Outpinis 1 
0 =Outpinis 0 
D6: 1 =Null count 


0 =Count available for reading 
D5 - DO = Counter programmed mode (See Control Word Formats) 


FIGURE 6. STATUS BYTE 


NULL COUNT bit D6 indicates when the last count written to 
the counter register (CR) has been loaded into the counting 
element (CE). The exact time this happens depends on the 
Mode of the counter and is described in the Mode Definitions, 
but until the counter is loaded into the counting element (CE), 
it can’t be read from the counter. If the count is latched or read 
before this time, the count value will not reflect the new count 
just written. The operation of Null Count is shown below. 


THIS ACTION: CAUSES: 

A. Write to the control word register:(1).......... Null Count = 1 
B. Write to the count register (CR):(2) ........... Null Count = 1 
C. New count is loaded into CE (CR-CE)........ Null Count = 0 


(1) Only the counter specified by the control word will have its null 
count set to 1. Null count bits of other counters are unaffected. 

(2) If the counter is programmed for two-byte counts (least signifi- 
cant byte then most significant byte) null count goes to 1 when 
the second byte is written. 


If multiple status latch operations of the counter(s) are per- 
formed without reading the status, all but the first are ignored; 
i.e., the status that will be read is the status of the counter at 
the time the first status read-back command was issued. 


| COMMANDS 
| D7 | D6 | DS | D4 | D3 | D2 | D1 | Do | DESCRIPTION RESULT 


Ce ee ee ee ee eee a 
RS EV SARS ERAERED 83 ee ee 


1 1 1 Read-Back Status of Counters 2, 1 Status Latched for Counter 2, 
But Not Counter 1 


SEER ER EMEARS EP ES eee ee 


1 1 Read-Back Count and Status of Counter 1 | Count Latched for Counter 1, 
But Not Status 

1 1 1 1 Read-Back Status of Counter 1 Command Ignored, Status Already 
Latched for Counter 1 


FIGURE 7. READ-BACK COMMAND EXAMPLE 
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Both count and status of the selected counter(s) may be 
latched simultaneously by setting both COUNT and STATUS 
bits D5, D4 = 0. This is functionally the same as issuing two 
separate read-back commands at once, and the above dis- 
cussions apply here also. Specifically, if multiple count 
and/or status read-back commands are issued to the same 
counter(s) without any intervening reads, all but the first are 
ignored. This is illustrated in Figure 7. 


If both count and status of a counter are latched, the first 
read operation of that counter will return latched status, 
regardless of which was latched first. The next one or two 
reads (depending on whether the counter is programmed for 
one or two type counts) return latched count. Subsequent 
reads return unlatched count. 


pes[ RD] WR] At} Ao]; 
ToT [eo [ [witeine Counters 
oT [2 [2 [7 [witeinio Counter 
Pot [eo [4 Je [wits into counters 
Pott [oft [wate conterword 
Po fo [7 [eo [0 [Readtomcountero 
Co fo [a [| [Reaatromourters 
Pope [ts 
SE RSESESE. 
CURE ReESE: 
FIGURE 8. READ/WRITE OPERATIONS SUMMARY 
Mode Definitions 


The following are defined for use in describing the operation 
of the 82C54. 


CLK PULSE: 


A rising edge, then a falling edge, in that order, of a 
Counter’s CLK input. 


TRIGGER: 
A rising edge of a Counter’s Gate input. 


COUNTER LOADING: 


The transfer of a count from the CR to the CE (See “Func- 
tional Description’) 


Mode 0: Interrupt on Terminal Count 


Mode 0 is typically used for event counting. After the Control 
Word is written, OUT is initially low, and will remain low until 
the Counter reaches zero. OUT then goes high and remains 
high until a new count or a new Mode 0 Control Word is writ- 
ten to the Counter. 


GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 


After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so for 
an initial count of N, OUT does not go high until N + 1 CLK 
pulses after the initial count is written. 


lf a new count is written to the Counter it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


(1)Writing the first byte disables counting. Out is set low 
immediately (no clock pulse required). 


(2)Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 


This allows the counting sequence to be synchronized by 
software. Again OUT does not go high until N + 1 CLK 
pulses after the new count of N is written. 


lf an initial count is written while GATE = 0, it will still be 
loaded on the next CLK pulse. When GATE goes high, OUT 
will go high N CLK pulses later; no CLK pulse is needed to 


load the counter as this has already been done. 
CW=10 LSB=4 


GATE 


PhEn duds dadstousdo ler de 


CW=10 LSB=3 


INENENEnP stot otbotsto be 


CW=10 LSB=3 


GATE 


OO 
Pydndndndototsdedsto le 


FIGURE 9. MODE 0 
NOTES: The following conventions apply to all mode timing diagrams. 
1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 
2. The counter is always selected (CS always low). 


3. CW stands for “Control Word”; CW = 10 means a control word of 
10, Hex is written to the counter. 


4. LSB stands for Least significant “byte” of count. 


5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 

6. N stands for an undefined count. 


7. Vertical lines show transitions between count values. 


4-222 


82054 


Mode 1: Hardware Retriggerable One-Shot 


OUT will be initially high. OUT will go low on the CLK pulse 
following a trigger to begin the one-shot pulse, and will remain 
low until the Counter reaches zero. OUT will then go high and 
remain high until the CLK pulse after the next trigger. 


After writing the Control Word and initial count, the Counter is 
armed. A trigger results in loading the Counter and setting 
OUT low on the next CLK pulse, thus starting the one-shot 
pulse N CLK cycles in duration. The one-shot is retriggerable, 
hence OUT will remain low for N CLK pulses after any trigger. 
The one-shot pulse can be repeated without rewriting the 
same count into the counter. GATE has no effect on OUT. 


lf a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the 
Counter is retriggerable. In that case, the Counter is loaded 
with the new count and the one-shot pulse continues until 
the new count expires. 


CW=12 LSB=3 


Co 


GATE 7 ‘ 


Phd dm dws dotods doled tel 


CW=12 LSB=3 


GATE 


Ieivdsdstwtotedsdodetstol 


CW=12 LSB=2 LSB =4 


eds dete dw dots do beedeed ste | 


FIGURE 10. MODE 1 


Mode 2: Rate Generator 


This Mode functions like a divide-by-N counter. It is typically 
used to generate a Real Time Clock Interrupt. OUT will ini- 
tially be high. When the initial count has decremented to 1, 
OUT goes low for one CLK pulse. OUT then goes high 
again, the Counter reloads the initial count and the process 
is repeated. Mode 2 is periodic; the same sequence is 
repeated indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the initial 
count on the next CLK pulse; OUT goes low N CLK pulses 
after the trigger. Thus the GATE input can be used to syn- 
chronize the Counter. 


After writing a Control Word and initial count, the Counter will 
be loaded on the next CLK pulse. OUT goes low N CLK 
pulses after the initial count is written. This allows the 
Counter to be synchronized by software also. 


Writing a new count while counting does not affect the current 
counting sequence. If a trigger is received after writing a new 
count but before the end of the current period, the Counter will 
be loaded with the new count on the next CLK pulse and count- 
ing will continue from the end of the current counting cycle. 


CW=14 LSB=3 


Pedy dn dndstobsdsdodidsl 


CW =14 LSB =3 


Pein dy ints dotbotsdotidal 


CW =14 LSB =4 LSB =5 


Isdhdwdndadsdedsdstads | 


FIGURE 11. MODE 2 
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Mode 3: Square Wave Mode 


Mode 3 is typically used for Baud rate generation. Mode 3 is 
similar to Mode 2 except for the duty cycle of OUT. OUT will 
initially be high. When half the initial count has expired, OUT 
goes low for the remainder of the count. Mode 3 is periodic; 
the sequence above is repeated indefinitely. An initial count 
of N results in a square wave with a period of N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low while OUT is low, OUT is set high immedi- 
ately; no CLK pulse is required. A trigger reloads the 
Counter with the initial count on the next CLK pulse. Thus 
the GATE input can be used to synchronize the Counter. 


After writing a Control Word and initial count, the Counter will 
be loaded on the next CLK pulse. This allows the Counter to 
be synchronized by software also. 


Writing a new count while counting does not affect the cur- 
rent counting sequence. If a trigger is received after writing a 
new count but before the end of the current half-cycle of the 
square wave, the Counter will be loaded with the new count 
on the next CLK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded at the 
end of the current half-cycle. 


CW=16 LSB=4 


IyEsPhdwdedodadodededededstel 


CW=16 LSB=5 


our | | | | | 
IsPhdydnPsdadotstolstaletstel 


CW=16 LSB=4 
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FIGURE 12. MODE 3 


Mode 3 is Implemented as Follows: 


EVEN COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented by two 
on succeeding CLK pulses. When the count expires, OUT 
changes value and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. 


ODD COUNTS: OUT is initially high. The initial count is loaded 
on one CLK pulse, decremented by one on the next CLK pulse, 
and then decremented by two on succeeding CLK pulses. 
When the count expires, OUT goes low and the Counter is 
reloaded with the initial count. The count is decremented by 
three on the next CLK pulse, and then by two on succeeding 
CLK pulses. When the count expires, OUT goes high again and 
the Counter is reloaded with the initial count. The above pro- 
cess is repeated indefinitely. So for odd counts, OUT will be 
high for (N + 1)/2 counts and low for (N - 1)/2 counts. 


Mode 4: Software Triggered Mode 


OUT will be initially high. When the initial count expires, OUT 
will go low for one CLK pulse then go high again. The count- 
ing sequence is “Triggered” by writing the initial count. 


GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 


After writing a Control Word and initial count, the Counter will be 
loaded on the next CLK pulse. This CLK pulse does not decre- 
ment the count, so for an initial count of N, OUT does not strobe 
low until N + 1 CLK pulses after the initial count is written. 


If a new count is written during counting, it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


(1)Writing the first byte has no effect on counting. 


(2)Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 


This allows the sequence to be “retriggered” by software. OUT 
strobes low N + 1 CLK pulses after the new count of N is written. 


4-224 


CW=18 LSB=3 


PyeENPnPy Ps dos to leedeel rp 


CW=18 LSB=3 


“=o 


Qo 
ame 
NO 
ond 
=-“~o 
omar 
oo 
resne 
a7 


Pein dn dn dads l 


CW=18 LSB=3 


=o 
eres 
oo 
RED 
1 
nT 


Iyindnindsdodsdel 
FIGURE 13. MODE 4 
Mode 5: Hardware Triggered Strobe (Retriggerable) 


OUT will initially be high. Counting is triggered by a rising 
edge of GATE. When the initial count has expired, OUT will 
go low for one CLK pulse and then go high again. 


After writing the Control Word and initial count, the counter 
will not be loaded until the CLK pulse after a trigger. This 
CLK pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 CLK pulses 
after trigger. 


A trigger results in the Counter being loaded with the initial 
count on the next CLK pulse. The counting sequence is trig- 
gerable. OUT will not strobe low for N + 1 CLK pulses after 
any trigger GATE has no effect on OUT. 


lf a new count is written during counting, the current count- 
ing sequence will not be affected. If a trigger occurs after the 
new count is written but before the current count expires, the 
Counter will be loaded with new count on the next CLK pulse 
and counting will continue from there. 


CW=1A LSB =3 


ee 


GATE 


INEM ENENEND STS T Oded S | 
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FIGURE 14. MODE 5 
Operation Common to All Modes 


Programming 


When a Control Word is written to a Counter, all Control 
Logic, is immediately reset and OUT goes to a known initial 
state; no CLK pulses are required for this. 


Gate 


The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3 and 4 the GATE input is level sensi- 
tive, and logic level is sampled on the rising edge of CLK. In 
modes 1, 2, 3 and 5 the GATE input is rising-edge sensitive. 
In these Modes, a rising edge of Gate (trigger) sets an edge- 
sensitive flip-flop in the Counter. This flip-flop is then sam- 
pled on the next rising edge of CLK. The flip-flop is reset 
immediately after it is sampled. In this way, a trigger will be 
detected no matter when it occurs - a high logic level does 
not have to be maintained until the next rising edge of CLK. 
Note that in Modes 2 and 3, the GATE input is both edge- 
and level-sensitive. 
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Counter 


New counts are loaded and Counters are decremented on 
the falling edge of CLK. 


The largest possible initial count is 0; this is equivalent to aie 


for binary counting and 104 for BCD counting. 


The counter does not stop when it reaches zero. In Modes 0, 
1, 4, and 5 the Counter “wraps around” to the highest count, 
either FFFF hex for binary counting or 9999 for BCD count- 
ing, and continues counting. Modes 2 and 3 are periodic; the 
Counter reloads itself with the initial count and continues 
counting from there. 


SIGNAL 
STATUS LOW OR 
MODES | GOING LOW 


| 0 [Disables Counting f= Enables Counting 
1) Initiates 
Counting 
2) Resets output 
after next clock 
2 


1) Disables Initiates Counting | Enables Counting 
counting 
2) Sets output im- 


mediately high 


1) Disables 
counting 

2) Sets output im- 
mediately high 


4 1) Disables Enables Counting 
Counting 
C8 | —*siniiates Counting] = 


FIGURE 15. GATE PINOPERATIONS SUMMARY 


Initiates Counting | Enables Counting 


MIN COUNT MAX COUNT 


1 
1 


a ae 
fe 
pe 
ae 


NOTE: 0 is equivalent to 2'6 for binary counting and 10% for BCD 
counting. 
FIGURE 16. MINIMUM AND MAXIMUM INITIAL COUNTS 


4-226 


82054 


Absolute Maximum Ratings Thermal Information 
SHG VORUG 0s che etd ences eiaweswancanead buen ses +8.0V. Thermal Resistance (Typical) Oya (CCIW) Bjc (PCCW) 
Input, Output or I/O Voltage ............ GND-0.5V to Voc +0.5V CERDIP Package ................ 55 12 
Bo CiRSSGO «siege cen deeu ceeacen’ oxeen buecan’ Class 1 CLCC Package ...............005 65 14 
; ees PDIP PACKAQG ..scccnnsnncan ees on 60 N/A 
Operating Conditions PLCC Package ..........00eeeeee 65 N/A 
Operating Voltage Range...............00000e +4.5V to +5.5V SOIC Package................65. 75 N/A 
Operating Temperature Range Storage Temperature Range.................. -65°C to +150°C 
C82C54, C82C54-10, -12........ cece eee eee 0°C to +70°C Maximum Junction Temperature Ceramic Package ....... +175°C 
182C54, I82C54-10, -12 ... 6... eee eee eee -40°C to+85°C Maximum Junction Temperature Plastic Package......... +150°C 
M82C54, M82C54-10, -12 .............000- -55°C to+125°C |= Maximum Lead Temperature Package (Soldering 10s) .. . .+300°C 


(PLCC and SOIC - Lean Tips Only) 


Die Characteristics 
Rao GOOMINE a6 as reac bree 060 0Nedeecewnenawanew es 2250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = +5.0V + 10%, Ta = 0°C to +70°C (C82C54, C82C54-10, C82C54-12) 
Ta = -40°C to +85°C (182C54, 182C54-10, 182C54-12) 
Ta = -55°C to +125°C (M82C54, M82C54-10, M82C54-12 


a 
i 
Ee 
28 ae a 


| VOL | Output LOW Voltage LOW Voltage pV JIL =42.5mMA +2.5mA 


a Leakage Cahn ae i GND or eenemni 

DIP Pins 9,11,14-16,18-23 
Output Leakage Current VOUT = GND or Vcc 

DIP Pins 1-8 


ICCSB Standby Power Supply Current Voc = 5.5V, VIN = GND or Vcc, 
Outputs Open, Counters 
Programmed 


Operating Power Supply Current 
CLKO = CLK1 = CLK2 = 8M#z, 
VIN = GND or Vcc, 

Outputs Open 


Capacitance Tp, = +25°C; All Measurements Referenced to Device GND, Note 1 


SS 
[cour Yonnacamecinse || «dRRme 
[ee [ocaratrce YY 


NOTE: 
1. Not tested, but characterized at initial design and at major process/design changes. 
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AC Electrical Specifications Voc = +5.0V + 10%, Ta = 0°C to +70°C (C82C54, C82C54-10, C82C54-12) 


Ta = -40°C to +85°C (182054, 182C54-10, 182C54-12) 
SYMBOL PARAMETER 


Ta = -55°C to +125°C (M82C54, M82C54-10, M82C54-12) 
<a soa 
READ CYCLE 
i 
| 792 [ema ton ans | 
WRITE CYCLE 
: 


UNITS | CONDITIONS 


— Ft —_— 
ss 
— 


wo 
1S) 


12 


oO 
_— 


8 


— 


210 8 


85 2, Note 1 


Command Recovery Time 165 165 
CLOCK AND GATE 
DC 100 DC 


(16) | TCLK | Clock Period 
TPWH | High Pulse Width 
(18) | TPWL | Low Pulse Width 


>] ® 
oO 


oO 
oO 


oO oO 


TGH_ | Gate Hold Time After CLK 50 
TOD | Output Delay from CLK 1 100 


—_— | — 
NM ] PM 
21s 


(26) TODG | Output Delay from Gate 100 100 


(27) TWO _ | OUT Delay from Mode Write 


(28) TWC_ | CLK Delay for Loading 


TWG _ | Gate Delay for Sampling 
TCL | CLK Setup for Count Latch 
NOTE: 


1. Not tested, but characterized at initial design and at major process/design changes. 


240 240 


5 
40 


BS 
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(29) 
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QO 


4-228 


Timing Waveforms 


A0- Ai 


DATA BUS 


AO - At 


DATA BUS 


a 
3 


MODE 


CLK 


GATE 


OUT 


82054 


GY 


(9) 
mie tWA (11) 


(10) 


ow] 
o | ee | _D 


So 14 


(12) 
tww 


FIGURE 17. WRITE 


FIGURE 18. READ 


(8) (15) 
tRV 


FIGURE 19. RECOVERY 


COUNT 
(SEE NOTE) 


tWC (28) (16) (23) 
tCLK 


7 tCL (30) 


__+ tat (24 
0 tOD (25) 
i aa 


NOTE: LAST BYTE OF COUNT BEING WRITTEN 


7 


FIGURE 20. CLOCK AND GATE 
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Burn-In Circuits 


Ri 
GND 


R1 
F9 


R1 
F10 


R1 
F11 


R1 
F12 


R2 
FO 


OPEN 


NOTES: 
1. Voc = 5.5V + 0.5V 
2. GND = 0V 
3. VIH = 4.5V +10% 
4. VIL = -0.2V to 0.4V 
5. R1 = 47kQ +5% 
6. R2 = 1.0kQ +5% 
7. R3 = 2.7kQ +5% 
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MD 82C54 CERDIP 
V 
- C1 
Ri 7 Pry 
Ri R1 L 
Ri 2 2 R1 = 
—{3. vcc 
R1 

4 | 21 | GND 
Ri R1 Vv 
R1 B Ed R1 = v° 
R1 GC a R2 = 
— 18 | F2 

17 A 

R2 3 a Ri A 

9 16 | as 

R2 

= 10 | 15 | = F1 

41 | 14 | Q7 

12 | 13 | A 

MR 82C54 CLCC 
vcc 


C1 


VCC Q2 Q1 OPEN Q3 vcc “ 


Ri (RI ’ 


R5 {| R1 


VCC/2 Q6 GND 


R1R1 


OPEN 


R1 
GND 


R1 
Q5 


R1 
Q4 


R2 
F2 


R5 
vcc/2 


R1 
Qs 


ey ees ees 


4 peg rrr P35 P49 
11218 6130 6145 6150 1160 0178 0185 
R5 | Ri] R2 


VCC/2Q7_ F1 
PEN 


8. R4 = 1.8kQ2 +5% 
9. R5 = 1.2kQ+5% 
10. C1 =0.01pF Min 
11. FO = 100kHz +10% 
12. F1 = F0/2, F2 =F1/2, ...F12 =F11/2 
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R3 


R4 


Metal 2: 12kA + 1.0kA 
A+3.0kA 


Thickness: Metal 1: 8kA + 0.75kA 
GLASSIVATION: 


82C54 
Type: Nitrox 
Thickness: 10k 
82C54 
vcc 


D7 


D5 


(3270um x 3940um x 483um) 


129mils x 155mils x 19mils 
METALLIZATION: 


Type: Si-Al-Cu 
Metallization Mask Layout 


Die Characteristics 
DIE DIMENSIONS: 
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CMOS Programmable 
March 1997 Peripheral Interface 


Features Description 


Pin Compatible with NMOS 8255A The Harris 82C55A is a high performance CMOS version of 
24 Programmable I/O Pins the industry standard 8255A and is manufactured using a 
Fully TTL Compatible self-aligned silicon gate CMOS process (Scaled SAuI IV). It 


High Speed, No “Wait State” Operation with 5MHz and is a general purpose programmable I/O device which may be 
8MHz 80C86 and 80C88 used with many different microprocessors. There are 24 I/O 


_ pins which may be individually programmed in 2 groups of 
Direct Bit Set/Reset Capability 12 and used in 3 major modes of operation. The high 
Enhanced Control Word Read Capability performance and industry standard configuration of the 
L7 Process 82C55A make it compatible with the 80C86, 80C88 and 
2.5mA Drive Capability on All /O Ports other microprocessors. 
Low Standby Power (ICCSB) Static CMOS circuit design insures low operating power. TTL 


: . compatibility over the full military temperature range and bus 
Order me Information hold circuitry eliminate the need for pull-up resistors. The 


PART Sa TEMPERATURE Harris advanced SAJI process results in performance equal 
RANGE to or greater than existing functionally equivalent products at 
PBOCESA.S ICPBOCSSA a fraction of the power 
ss sotappip os E40.6 | 
IP82C55A-5 =| IP82C55A ace +85°C |E40.6 | 
2C55A-5 |CS82C55A 

CS82055AS_ |CSB2CSBA | pice [C+ IN44.65 | 
IS82C55A-5 | IS82C55A rc to+85°C _|N44.65 | 
CDB2C5SA'S_ [CDB2CEEA Pct 470°C (FAO 
ID82C55A-5 | ID82C55A -40°C to +85°C 


MD82C55A-5/B | MD82C55A/B -55°C to +125°C 
es Zoe 


-55°C to +125°C |J44.A 


Pinouts 


82C55A (DIP) 82C55A (CLCC) 82C55A (PLCC) 
TOP VIEW TOP VIEW TOP VIEW 


Be kez eazais 


PEERREE LER Se 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris C tion 1997 
pyrig arris Corporation 4-232 
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Pin Description 


PIN 
SYMBOL NUMBER TYPE DESCRIPTION 
Voc Vcc: The +5V power supply pin. A 0.1.F capacitor between pins 26 and 7 is 
recommended for decoupling. 


DATA BUS: The Data Bus lines are bidirectional three-state pins connected to the 
system data bus. 


RESET: A high on this input clears the control register and all ports (A, B, C) are set 
to the input mode with the “Bus Hold” circuitry turned on. 


CHIP SELECT: Chip select is an active low input used to enable the 82C55A onto the 
Data Bus for CPU communications. 

READ: Read is an active low input control signal used by the CPU to read status 
information or data via the data bus. 

WRITE: Write is an active low input control signal used by the CPU to load control 
words and data into the 82C55A. 


ADDRESS: These input signals, in conjunction with the RD and WR inputs, control 
the selection of one of the three ports or the control word register. AO and A1 are 
normally connected to the least significant bits of the Address Bus AO, A1. 


PORT A: 8-bit input and output port. Both bus hold high and bus hold low circuitry are 
present on this port. | 
PORT B: 8-bit input and output port. Bus hold high circuitry is present on this port. 


PORT C: 8-bit input and output port. Bus hold circuitry is present on this port. 


Functional Description 


GROUP A vO 
PORTA = PA7-PAO 


(8) 


> non! © PC7-PC4 


POWER i__ +5V 


SUPPLIES GND GROUP A 


tl 


BI-DIRECTIONAL 
DATA BUS 
DATA BUS 


D7-D0< >} BUFFER 


UPPER 


GROUP B 


Me) 
INTERNAL 
DATA BUS PCI-PCO 
RD 
WR 
Me) 
Ay Stee PB7-PBO 
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Functional Description 


Data Bus Buffer 


This three-state bi-directional 8-bit buffer is used to interface 
the 82C55A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by the CPU. Control words and status informa- 
tion are also transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal and 
external transfers of both Data and Control or Status words. 
It accepts inputs from the CPU Address and Control busses 
and in turn, issues commands to both of the Control Groups. 


(CS) Chip Select. A “low” on this input pin enables the 
communcation between the 82C55A and the CPU. 


(RD) Read. A “low” on this input pin enables 82C55A to send 
the data or status information to the CPU on the data bus. In 
essence, it allows the CPU to “read from” the 82C55A. 


(WR) Write. A “low” on this input pin enables the CPU to 
write data or control words into the 82C55A. 


(AO and A1) Port Select 0 and Port Select 1. These input 
signals, in conjunction with the RD and WR inputs, control 
the selection of one of the three ports or the control word 
register. They are normally connected to the least significant 
bits of the address bus (AO and A1). 


82C55A BASIC OPERATION 


INPUT OPERATION 
(READ) 


Tee [resem 
ec 
Tee [eres oa 


OUTPUT OPERATION 
(WRITE) 


a 
BG oo 
BOG oo 
a 
aaa oon 


DISABLE FUNCTION 


xP x] xp x fr Data Bus — Three-State 
Px Px ]r pa fo. Data Bus —> Three-State 


POWER J —> +5V 
SUPPLIES } —» GND 


BI-DIRECTIONA 
DAT. 


FIGURE 1. 82C55A BLOCK DIAGRAM. DATA BUS BUFFER, 
READ/WRITE, GROUP A & B CONTROL LOGIC 
FUNCTIONS 


(RESET) Reset. A “high” on this input initializes the control 
register to 9Bh and all ports (A, B, C) are set to the input 
mode. “Bus hold” devices internal to the 82C55A will hold 
the I/O port inputs to a logic “1” state with a maximum hold 
current of 400A. 


Group A and Group B Controls 


The functional configuration of each port is programmed by 
the systems software. In essence, the CPU “outputs” a con- 
trol word to the 82C55A. The control word contains 
information such as “mode”, “bit set”, “bit reset”, etc., that ini- 
tializes the functional configuration of the 82C55A. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control logic, receives 
“control words” from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A - Port A and Port C upper (C7 - C4) 
Control Group B - Port B and Port C lower (C3 - CO) 


The control word register can be both written and read as 
shown in the “Basic Operation” table. Figure 4 shows the 
control word format for both Read and Write operations. 
When the control word is read, bit D7 will always be a logic 
“1”, as this implies control word mode information. 
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Ports A, B, and C 


The 82C55A contains three 8-bit ports (A, B, and C). All can 
be configured to a wide variety of functional characteristics 
by the system software but each has its own special features 
or “personality” to further enhance the power and flexibility of 
the 82C55A. 


Port A One 8-bit data output latch/buffer and one 8-bit data 
input latch. Both “pull-up” and “pull-down” bus-hold devices 
are present on Port A. See Figure 2A. 


Port B One 8-bit data input/output latch/buffer and one 8-bit 
data input buffer. See Figure 2B. 


Port C One 8-bit data output latch/buffer and one 8-bit data 
input buffer (no latch for input). This port can be divided into 
two 4-bit ports under the mode control. Each 4-bit port con- 
tains a 4-bit latch and it can be used for the control signal 
output and status signal inputs in conjunction with ports A 
and B. See Figure 2B. 
INPUT MODE 
MASTER 
RESET 


OR MODE 
CHANGE 


INTERNAL EXTERNAL 
DATA IN PORT A PIN 


INTERNAL 
DATA OUT 
(LATCHED) 


OUTPUT MODE 
FIGURE 2A. PORT A BUS-HOLD CONFIGURATION 


RESET Vec 


OR MODE 
CHANGE P 


INTERNAL EXTERNAL 
DATA IN PORT B, C 


INTERNAL PIN 
DATA OUT 
(LATCHED) 


OUTPUT MODE 
FIGURE 2B. PORT B AND C BUS-HOLD CONFIGURATION 


FIGURE 2. BUS-HOLD CONFIGURATION 


Operational Description 


Mode Selection 


There are three basic modes of operation than can be 
selected by the system software: 

Mode 0 - Basic Input/Output 

Mode 1 - Strobed Input/Output 

Mode 2 - Bi-directional Bus 


When the reset input goes “high”, all ports will be set to the 
input mode with all 24 port lines held at a logic “one” level by 
internal bus hold devices. After the reset is removed, the 
82C55A can remain in the input mode with no additional ini- 
tialization required. This eliminates the need to pullup or pull- 
down resistors in all-CMOS designs. The control word 
register will contain 9Bh. During the execution of the system 


program, any of the other modes may be selected using a 
single output instruction. This allows a single 82C55A to 
service a variety of peripheral devices with a simple software 
maintenance routine. Any port programmed as an output 
port is initialized to all zeros when the control word is written. 


ADDRESS BUS 
CONTROL BUS 
i 


DATA BUS 


PB7-PBO PC3-PCO PC7-PC4 PA7-PAO 


MODE 1 Cc 


{oP v0 {ef v0 


PB7-PB0 CONTROL CONTROL PA7-PA0O 
OR VO OR VO 


MODE 2 


BI- 
DIRECTIONAL 


PB7-PBO ———v——"_ PA7-PAO 
CONTROL 


FIGURE 3. BASIC MODE DEFINITIONS AND BUS INTERFACE 


CONTROL WORD 


Ci Ad iad a is) ED Cod 
la 


GROUP B 


PORT C (LOWER) 
1=INP 
0 = OUTPUT 


PORT B 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
0 = MODE 0 
1 = MODE 1 


GROUP A 
PORT C + caihlleads 
1=INP 


MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1 = ACTIVE 


FIGURE 4. MODE DEFINITION FORMAT 
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The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, 
including the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be “tailored” to almost any |/O 
structure. For instance: Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu- 
tational results, Group A could be programmed in Mode 1 to 
monitor a keyboard or tape reader on an interrupt-driven 
basis. 


The mode definitions and possible mode combinations may 
seem confusing at first, but after a cursory review of the 
complete device operation a simple, logical I/O approach will 
surface. The design of the 82C55A has taken into account 
things such as efficient PC board layout, control signal defi- 
nition vs. PC layout and complete functional flexibility to sup- 
port almost any peripheral device with no external logic. 
Such design represents the maximum use of the available 
pins. 


Single Bit Set/Reset Feature (Figure 5) 


Any of the eight bits of Port C can be Set or Reset using a 
single Output instruction. This feature reduces software 
requirements in control-based applications. 


When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset 
operation just as if they were output ports. 


CONTROL WORD 


BIT SET/RESET 
1=SET 


BIT SET/RESET FLAG 
0 = ACTIVE 


FIGURE 5. BIT SET/RESET FORMAT 


Interrupt Control Functions 


When the 82C55A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using the 
bit set/reset function of port C. 


This function allows the programmer to enable or disable a 
CPU interrupt by a specific I/O device without affecting any 
other device in the interrupt structure. 


INTE Flip-Flop Definition 
(BIT-SET)-INTE is SET - Interrupt Enable 
(BIT-RESET)-INTE is Reset - Interrupt Disable 


NOTE: All Mask flip-flops are automatically reset during mode selec- 
tion and device Reset. 


Operating Modes 


Mode 0 (Basic Input/Output). This functional configuration 
provides simple input and output operations for each of the 
three ports. No handshaking is required, data is simply writ- 
ten to or read from a specific port. 


Mode 0 Basic Functional Definitions: 

¢ Two 8-bit ports and two 4-bit ports 

¢ Any Port can be input or output 

¢ Outputs are latched 

¢ Input are not latched 

¢ 16 different Input/Output configurations possible 


MODE 0 PORT DEFINITION 


| GROUPA | A | GROUPB | B 


Bani ail 
PORT Aj (Upper) PORT Bi (Lower) 
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Mode 0 (Basic Input) 


RD 


<— tRDB —» a—<——  tDF ———_ » 


Mode 0 (Basic Output) 


WR 


tWA 
our > 


tWB ——» 


” 

a 

— 

Mode 0 Configurations 3 ff 

si 

CONTROL WORD #0 CONTROL WORD #2 0 a 

D7 D6 DS D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO a 
HOO Or BOD 


A PA7 - PAO A PA7 - PAO 
82C55A 82C55A 


PC7 - PC4 PC7 -PC4 
of D7 - DO of P 
PC3 - PCO PC3 - PCO 


PB7 - PBO B PB7 - PBO 


CONTROL WORD #1 CONTROL WORD #3 
D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 Di DO 
DODD DoDD oon 


PA7 - PAO A PAT - PAO 
82C55A 


PC7 - PC4 PC7 - PC4 
° i 


PC3 - PCO PC3 - PCO 


A 


82C55A 


| 


D7 - DO 


PB7 - PBO PB7 - PBO 
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Mode 0 Configurations (Continued) 


CONTROL WORD #4 


D7 D6 D5 D4 D3 D2 D1 DO 


A PA7 - PAO 
82C55A 
PC7 -PC4 
D7 - DO ef 
PC3 - PCO 
PB7 - PBO 
CONTROL WORD #5 
D7 D6 D5 D4 D3 D2 Di DO 
8 
A PA7 - PAO 
82C55A P 
PC7 - PC4 
D7 - DO of ‘ 
PC3 - PCO 
8 
PB7 - PBO 
CONTROL WORD #6 
D7 D6 D5 D4 D3 D2 D1 DO 
A PA7 - PAO 
82C55A 
PC7 - PC4 
e} 
PC3 - PCO 
PB7 - PBO 
CONTROL WORD #7 
D7 D6 DS D4 D3 D2 D1 DO 
A PA7 - PAO 
82C55A 
PC7 - PC4 
D7 - DO ef 
PC3 - PCO 
PB7 - PBO 


82C55A 


CONTROL WORD #8 


D7 D6 D5 D4 D3 D2 D1 DO 


A 


PA7 - PAO 


82C55A 
PC7 - PC4 
D7 - DO ef 

PC3 - PCO 


PB7 - PBO 


CONTROL WORD #9 


D7 D6 D5 D4 D3 D2 Di DO 


A PA7 - PAO 
82C55A 


PC7 - PC4 
aT 
PC3 - PCO 


PB7 - PBO 


CONTROL WORD #10 


D7 D6 D5 D4 D3 D2 Di DO 


A 


PA7 - PAO 


82C55A 
aT 


PC7 - PC4 


D7 - DO 
PC3 - PCO 


PB7 - PBO 


CONTROL WORD #11 


D7 D6 DS D4 D3 D2 Di DO 


A 


PA7 - PAO 


82C55A 
° | 


PC7 - PC4 


D7 - DO 
PC3 - PCO 


PB7 - PBO 
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Mode 0 Configurations (Continued) 


CONTROL WORD #12 


D7 D6 D5 D4 D3 D2 Di DO 


A PA7 - PAO 
82C55A 
PC7 - PC4 
D7 - DO ef 
PC3 - PCO 
PB7 - PBO 
CONTROL WORD #13 
D7 D6 D5 D4 D3 D2 D1 DO 
A PAT - PAO 
82C55A 
PC7 - PC4 
D7 - DO ef 
PC3 - PCO 
PB7 - PBO 


Operating Modes 


Mode 1 - (Strobed Input/Output). This functional configura- 
tion provides a means for transferring I/O data to or from a 
specified port in conjunction with strobes or “hand shaking” 
signals. In mode 1, port A and port B use the lines on port C 
to generate or accept these “hand shaking” signals. 


Mode 1 Basic Function Definitions: 
¢ Two Groups (Group A and Group B) 


e Each group contains one 8-bit port and one 4-bit 
control/data port 


e The 8-bit data port can be either input or output. Both 
inputs and outputs are latched. 


¢ The 4-bit port is used for control and status of the 8-bit 
port. 


Input Control Signal Definition 


(Figures 6 and 7) 


STB (Strobe Input) 


A “low” on this input loads data into the input latch. 


IBF (Input Buffer Full F/F) 


A “high” on this output indicates that the data has been 
loaded into the input latch: in essence, and acknowledg- 
ment. IBF is set by STB input being low and is reset by the 
rising edge of the RD input. 


CONTROL WORD #14 


D7 D6 D5 D4 D3 D2 D1 DO 


A 


82C55A 
° i 


D7 - DO 


CONTROL WORD #15 


D7 D6 D5 D4 D3 D2 Di DO 


A 


82C55A 
. i 


D7 - DO 


PA7 - PAO 


PC7 - PCA 


PC3 - PCO 


PB7 - PBO 


PA7 - PAO 


PC7 - PC4 


PC3 - PCO 


PB7 - PBO 


MODE 1 (PORT A) 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 Di DO 


potty opps 


PC6, PC7 
1 = INPUT 
0 = OUTPUT 


RD 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 Di DO 


Lt PDPDDI TDS 


FIGURE 6. MODE 1 INPUT 
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wo 
= 
wo 


IBF 


tSIT 
od 
INTR 
RD 
tPH 


INPUT FROM 


tRIB 


1 Mle“ (I 


Pr 


FIGURE 7. MODE 1 (STROBED INPUT) 


INTR (Interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when and input device is requesting service. INTR is set by 
the condition: STB is a “one”, IBF is a “one” and INTE is a 
“one”. It is reset by the falling edge of RD. This procedure 
allows an input device to request service from the CPU by 
simply strobing its data into the port. 


INTE A 
Controlled by bit set/reset of PC4. 


INTE B 
Controlled by bit set/reset of PC2. 


Output Control Signal Definition 
(Figure 8 and 9) 


OBF - Output Buffer Full F/F). The OBF output will go “low” 
to indicate that the CPU has written data out to be specified 
port. This does not mean valid data is sent out of the part at 
this time since OBF can go true before data is available. 
Data is guaranteed valid at the rising edge of OBF, (See 
Note 1). The OBF F/F will be set by the rising edge of the 
WR input and reset by ACK input being low. 


ACK - Acknowledge Input). A “low” on this input informs the 
82C55A that the data from Port A or Port B is ready to be 
accepted. In essence, a response from the peripheral device 
indicating that it is ready to accept data, (See Note 1). 


INTR - (Interrupt Request). A “high” on this output can be 
used to interrupt the CPU when an output device has 
accepted data transmitted by the CPU. INTR is set when 
ACK is a “one”, OBF is a “one” and INTE is a “one”. It is 
reset by the falling edge of WR. 


INTE A 
Controlled by Bit Set/Reset of PC6. 


INTE B 
Controlled by Bit Set/Reset of PC2. 


NOTE: To strobe data into the peripheral device, the user must 
operate the strobe line in a hand shaking mode. The user 
needs to send OBF to the peripheral device, generates an 
ACK from the peripheral device and then latch data into the 
peripheral device on the rising edge of OBF. 


MODE 1 (PORT A) 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 D1 DO 


2 | eA 


PC4, PC5 
1 = INPUT 
0 = OUTPUT 


WR 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 Di DO 


PDD Le DY 


FIGURE 8. MODE 1 OUTPUT 
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OUTPUT D>: 


—> ~-<— tWB 


FIGURE 9. MODE 1 (STROBED OUTPUT) 


RD 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 D1 DO 


PC6, PC7 


1 = INPUT 
0 = OUTPUT 


WR 


PORT A - (STROBED INPUT) 
PORT B - (STROBED OUTPUT) 


PA7-PAO a 


WR 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 Di DO 


PC4, PC5 
1 = INPUT 
0 = OUTPUT 


AD : STBB 


PORT A - (STROBED OUTPUT) 
PORT B - (STROBED INPUT) 


Combinations of Mode 1: Port A and Port B can be individually defined as input or output in Mode 1 to support a wide variety of strobed I/O 


applications. 


FIGURE 10. COMBINATIONS OF MODE 1 


Operating Modes 
Mode 2 (Strobed Bi-Directional Bus I/O) 


The functional configuration provides a means for communi- 
cating with a peripheral device or structure on a single 8-bit 
bus for both transmitting and receiving data (bi-directional 
bus I/O). “Hand shaking” signals are provided to maintain 
proper bus flow discipline similar to Mode 1. Interrupt gener- 
ation and enable/disable functions are also available. 


Mode 2 Basic Functional Definitions: 
e Used in Group A only 


¢ One 8-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C) 


Both inputs and outputs are latched 


¢ The 5-bit control port (Port C) is used for control and 
status for the 8-bit, bi-directional bus port (Port A) 


Bi-Directional Bus I/O Control Signal Definition 
(Figures 11, 12, 13, 14) 


INTR - (Interrupt Request). A high on this output can be 
used to interrupt the CPU for both input or output operations. 


Output Operations 


OBF - (Output Buffer Full). The OBF output will go “low” to 
indicate that the CPU has written data out to port A. 


ACK - (Acknowledge). A “low” on this input enables the 
three-state output buffer of port A to send out the data. Oth- 
erwise, the output buffer will be in the high impedance state. 


INTE 1 - (The INTE flip-flop associated with OBF). Con- 
trolled by bit set/reset of PC4. 
Input Operations 


STB - (Strobe Input). A “low” on this input loads data into the 
input latch. 


IBF - (Input Buffer Full F/F). A “high” on this output indicates 
that data has been loaded into the input latch. 


INTE 2 - (The INTE flip-flop associated with IBF). Controlled 
by bit set/reset of PC4. 
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CONTROL WORD 
D7 D6 D5 D4 D3 D2 Di DO 


2 ED fo 9) 


PC2-PC0 
1= INPUT 
0 = OUTPUT 


PORT B 
1 = INPUT 
0 = OUTPUT 


GROUP B MODE 
0 = MODE 0 
1 = MODE 1 


FIGURE 11. MODE CONTROL WORD FIGURE 12. MODE 2 


DATA FROM 
CPU TO 82C55A 


IBF 
ae tKD 
<a tPS ———» >_> <= - > = 
PERIPHERAL 6: ai eo ae el oe Cc = jf aden CO i lk Oe 
BUS 
tPH —= tRIB —> 
RD DATA FROM DATA FROM 
PERIPHERAL TO 82C55A 82C55A TO PERIPHERAL 
DATA FROM 
82C55A TO CPU 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. (INTR = |BF e MASK e STB e RD + OBF e 
MASK e ACK e WR) 


FIGURE 13. MODE 2 (BI-DIRECTIONAL) 
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT) 


PC3 PC3 


PA7-PAO PA7-PAO 


PC7 PC7 


CONTROL WORD 
PC6 D7 D6 D5 D4 D3 D2 Di DO PC6 


Pcs tA #9 fi pcs 


PC2-PCO 


1 =INPUT 
0 = OUTPUT 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 D1 DO 


PP of tf) 


PC2-PCO 


1 = INPUT 
0 = OUTPUT 


RD 


PC5 PC5 


PC2-PC0 PC2-PCO 


PB7-PBO PB7, PBO 


MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) 


PC3 


PA7-PAO 


PC7 
PC6 
PC4 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 Di DO 


Se th 


CONTROL WORD ACKA 
D7 D6 D5 D4 D3 D2 Di DO 


UE a ae sli 


PC5 


PB7-PB0O 


PC2 STBB 
PC1 
PCO 


FIGURE 14. MODE 2 COMBINATIONS 
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MODE DEFINITION SUMMARY 


Special Mode Combination Considerations 


There are several combinations of modes possible. For any 
combination, some or all of Port C lines are used for control 
or status. The remaining bits are either inputs or outputs as 
defined by a “Set Mode” command. 


During a read of Port C, the state of all the Port C lines, 
except the ACK and STB lines, will be placed on the data 
bus. In place of the ACK and STB line states, flag status will 
appear on the data bus in the PC2, PC4, and PC6 bit 
positions as illustrated by Figure 17. 


Through a “Write Port C” command, only the Port C pins 
programmed as outputs in a Mode 0 group can be written. 
No other pins can be affected by a “Write Port C” command, 
nor can the interrupt enable flags be accessed. To write to 
any Port C output programmed as an output in Mode 1 group 
or to change an interrupt enable flag, the “Set/Reset Port C 
Bit” command must be used. 


With a “Set/Reset Port C Bit” command, any Port C line pro- 
grammed as an output (including IBF and OBF) can be writ- 
ten, or an interrupt enable flag can be either set or reset. 
Port C lines programmed as inputs, including ACK and STB 
lines, associated with Port C fare not affected by a 
“Set/Reset Port C Bit” command. Writing to the correspond- 
ing Port C bit positions of the ACK and STB lines with the 
“Set Reset Port C Bit” command will affect the Group A and 
Group B interrupt enable flags, as illustrated in Figure 17. 


INPUT CONFIGURATION 
D2 D1 DO 


D7 D6 D5 D4 D3 


GROUP A GROUP B 


OUTPUT CONFIGURATION 
D3 D2 D1 DO 


D7 D6 D5 D4 


GROUP A GROUP B 


FIGURE 15. MODE 1 STATUS WORD FORMAT 


D2 D1 


GROUP A GROUP B 
(Defined by Mode 0 or Mode 1 Selection) 


FIGURE 16. MODE 2 STATUS WORD FORMAT 


Current Drive Capability 


Any output on Port A, B or C can sink or source 2.5mA. This 
feature allows the 82C55A to directly drive Darlington type 
drivers and high-voltage displays that require such sink or 
source current. 
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Reading Port C Status (Figures 15 and 16) Applications of the 82C55A 


In Mode 0, Port C transfers data to or from the peripheral The g2C55a is a very powerful tool for interfacing peripheral 
device. When the 82CS5S5A is programmed to function IN equipment to the microcomputer system. It represents the 
Modes 1 or 2, Port C generates or accepts “hand shaking” optimum use of available pins and flexible enough to inter- 


signals with the peripheral device. Reading the contents of face almost any I/O device without the need for additional 
Port C allows the programmer to test or verify the “status” of gyternal logic. 


each peripheral device and change the program flow 
accordingly. Each peripheral device in a microcomputer system usually 


— has a “service routine” associated with it. The routine 
There is not special instruction to read the status information manages the software interface between the device and the 
from Port C. A normal read operation of Port C is executedto CPU, The functional definition of the 82C55A is programmed 
perform this function. by the I/O service routine and becomes an extension of the 
system software. By examining the I/O devices interface 


_etsteriaa | rosmen | sen oo) _ characteristics for both data transfer and timing, and 
ENABLE FLAG POSITION PIN SIGNAL (MODE) matching this information to the examples and tables in the 
INTE B ACKB (Output Mode 1) detailed operational description, a control word can easily be 
or STBB (Input Mode developed to initialize the 82C55A to exactly “fit” the 
we STBA (Input Mode 1 or application. Figures 18 through 24 present a few examples 
Mode 2) of typical applications of the 82C55A. 
INTE At ACKA ( a Mode 1 or 


FIGURE 17. INTERRUPT ENABLE FLAGS IN MODES 1 AND 2 


INTERRUPT 
REQUEST 


7) 

HIGH SPEED z 

PRINTER 2 ac 

sx 

P o& 

MODE 1 J pag oc 
(OUTPUT) uw 
P HAMMER Qo. 


RELAYS 
DATA READY 
ACK 

PAPER FEED 
FORWARD/REV. 


82C55A 


PAPER FEED 
FORWARD/REV. 
RIBBON 

CARRIAGE SEN. 


MODE 1 
(OUTPUT) 


PC1 DATA READY 


PC2 lcs ACK 


PCO 


INTERRUPT CONTROL LOGIC 
REQUEST AND DRIVERS 


FIGURE 18. PRINTER INTERFACE 


4-245 


82C55A 


INTERRUPT 
REQUEST 


FULLY 
DECODED INTERRUPT 


KEYBOARD REQUEST 


MODE 1 
(INPUT) 


FULLY 
R3 DECODED 
KEYBOARD 


82C55A 


82C55A 
BURROUGHS 
SELF-SCAN 
DISPLAY 
MODE1 |PB5k@—>#B5 (“wc aettsi‘(<i‘irS 


TERMINAL 
(OUTPUT) 


ADDRESS 


DATA READY 


(INPUT) 
ACK 
BLANKING 
CANCEL WORD 
INTERRUPT = 
REQUEST 
FIGURE 19. KEYBOARD AND DISPLAY INTERFACE FIGURE 20. KEYBOARD AND TERMINAL ADDRESS 


INTERFACE 


INTERRUPT 


CRT CONTROLLER 
e CHARACTER GEN. 
ee e REFRESH BUFFER 
MODE, a CONVERTER om e CURSOR CONTROL 
(DAC) ANALOG (OUTPUT) 


OUTPUT 


82C55A 
82C55A 


BIT 
aeons! COLUMN STB 


CURSOR H/V STB 


8-BIT MODE 0 
ANALOG 
D/A OUTPU 
CONVERTER INPUT ( ") 


MODE 0 
(INPUT) er) 


CURSOR/ROW/COLUMN 
ADDRESS 
H&V 


FIGURE 21. DIGITAL TO ANALOG, ANALOG TO DIGITAL FIGURE 22. BASIC CRT CONTROLLER INTERFACE 


4-246 


82C55A 


INTERRUPT INTERRUPT 
REQUEST REQUEST 


FLOPPY DISK B LEVEL 
CONTROLLER 
AND DRIVE 


READER 


ACK 
STOP/GO 


MACHINE TOOL 


START/STOP 
LIMIT SENSOR (H/V) 


DATA READY 
ACK (OUT) 


82C55A 82C55A 
TRACK “0” SENSOR 
SYNC READY 


INDEX 


MODE 0 
(INPUT) 


PBO CHANGE TOOL 
PBt |} LEFT/RIGHT 
PB2 — UP/DOWN 

wone o J PBS HOR. STEP STROBE 

(OUTPUT) ) PB4|__4] VERT. STEP STROBE 
PBs|___,] SLEW/STEP 

PB6} 4] FLUID ENABLE 

PB7|_—-+] EMERGENCY STOP 


PBO ENGAGE HEAD 
PBI at FORWARD/REV. 
PB2)-——-#] READ ENABLE 
MODE 0 JPB3 WRITE ENABLE 
(OUTPUT) ) PB4|__4] Disc SELECT 
PBS} J ENABLE CRC 


PB6 cing TEST 


PB7 a BUSY LT 


FIGURE 23. BASIC FLOPPY DISC INTERFACE FIGURE 24. MACHINE TOOL CONTROLLER INTERFACE 
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Absolute Maximum Ratings Thermal Information 
DOGO VONEGS :6c0ceceeee6e aaa re eee ski shuns banees +8.0V Thermal Resistance (Typical) BjA BIC 
Input, Output or I/O Voltage ............ GND-0.5V to Voc+0.5V CERDIP Package ................ 50°C/W 10°C/W 
ESD CIASSINCAUON ..2cversacndaded sabe seb aneen ees Class 1 CLCC Package ...............005 65°C/W 14°C/W 
POIP PaCKAUG < . iv ehxssraweceues 50°C/W N/A 
Operating Conditions PLCC Package ......cscencenenss 46°C/W N/A 
W~T-°) fe) 
Operating Voltage Range...................4. +4.5V to +5.5V oar Lh anne ea a he 65°C to +150°C 
Operating Temperature Range alana daniel aie dtaiaata . 
re) ) SOOIGINIG PAUSE 6 bodice sconce ncee nce eaeeu wre « +175°C 
OO oi 0s vide bdadxsabass awieetae bases 0°C to +70°C : 6 
re) fe) ecg ohh es ee +150°C 
EEA a wud cdesawcngeeeoiys osuxvewe oes OOM ia eal oad Scldarng 40 6 
MBE IOON ws6c ener eee Gah eec i nnaimasee Bes -55°C to +125°C aximum Lead Temperature (Soldering 10s)............ +300°C 


(PLCC - Lead Tips Only) 


Die Characteristics 
tS CON anos ee kid oe GE SES HEE CSM Ded wewe ms 1000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vcc = 5.0V 10%; Ta = 0°C to +70°C (C82C55A); 
Ta = -40°C to +85°C (I82C55A); 
Ta = -55°C to +125°C (M82C55A) 


LIMITS 
SYMBOL PARAMETER | MIN: | MAX | UNITS TEST CONDITIONS 
Logical One Input Voltage 2.0 I82C55A, C82C55A, 
2.2 M82C55A 


Vu [Losialzeroinput Votage Ne sat 8 kA Ae NNN 


Logical One Output Voltage 3.0 IOH = -2.5mA, 
Voc -0.4 lon = -100LA 


—— Logical Zero Output Voltage eae Ce lo +2.5mMA 


DIP Pins: 5, 6, 8, 9, 35, 36 


NOTES: 
1. No internal current limiting exists on Port Outputs. A resistor must be added externally to limit the current. 
2. ICCOP = 1mA/MHz of Peripheral Read/Write cycle time. (Example: 1.0us I/O Read/Write cycle time = 1mA). 
3. Tested as Voy at -2.5mA. 


IBHH Bus Hold High Current -400 a= VO = 3.0V. Ports A, B, C 


Capacitance Ty, = 25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
| ON Input Capacitance oe FREQ = 1MHz, All Measurements are 
referenced to device GND 
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AC Electrical Specifications Vcc¢ = +5V+ 10%, GND = OV; Ta = -55°C to +125°C (M82C55A) (M82C55A-5); 
Ta = -40°C to +85°C (I82C55A) (IB2C55A-5); 
Ta = 0°C to +70°C (C82C55A) (C82C55A-5) 


TEST 


SYMBOL PARAMETER | MIN | MIN | UNITS | CONDITIONS 
READ TIMING 
(1) tAR Address Stable Before RD 


(2) tRA Address Stable After RD 


_ 
N 
oO 


(3) tRR RD Pulse Width 150 


(4) tRD Data Valid From RD 


N 
oa 
MN 
on 


Data Float After RD 


(5) tDF 


(6) tRV Time Between RDs and/or WRs 300 


WRITE TIMING 


{ee 
E 


(7) tAW Address Stable Before WR 


(8) tWA Address Stable After WR 


(9) tWW WR Pulse Width 


_ 
oO 
oO 


(10) tDW Data Valid to WR High 


(11) tWD Data Valid After WR High 


OTHER TIMING 


(12) tWB WR = 1 to Output 
(13) tIR Peripheral Data Before RD 
(14) tHR Peripheral Data After RD 
R 


175 175 


(25) tRIT RD = 0 to INTR=0 


(26) tSIT STB =1 to INTR=1 


150 
15 


io) 


150 
(27) tAlT ACK = 1 to INTR = 1 


(28) tWIT WR = 0 to INTR=0 
(29) tRES Reset Pulse Width 
NOTE: 


1. Period of initial Reset pulse after power-on must be at least 50sec. Subsequent Reset pulses may be 500ns minimum. 


1, (Note 1) 
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Timing Waveforms 


INPUT 


CS, A1, AO 


<«—— tRR (3) ———__> 


=e 19) et 8) fo 
un] Ae 


D7-D0 


CS, A1, AO 


OUTPUT 


IBF 


INTR 


RD 


INPUT FROM 
PERIPHERAL 


<— tRD (4) —» <=. tDF (5) —___» 


FIGURE 25. MODE 0 (BASIC INPUT) 


—-<—— tWW (9) ———_»> 


> aa aD 


se - TAW (7) —_—_ tWA (8) scecamsiasicaaneilipa 


PY 
v 
4 


tWS (12) —» 
FIGURE 26. MODE 0 (BASIC OUTPUT) 
<— tST (16) _ _ 
a, | 
ee tSIT 
(26) tRIB (24) 
| ra: 
tPH 4, 
(18) — 


SBeang fs GF ti‘: SBeeeeeeaeeegeeeeeeegnmtisewerseeseaeats = se 


—<———— tPS (17) ———_> 


FIGURE 27. MODE 1 (STROBED INPUT) 
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Timing Waveforms (continued) 


INTR 


OUTPUT 


PERIPHERAL 
BU 


~<«—— tWOB (21) 


net i ined 


BUN 
oe = ere 


<— tAK (15) —»|<— tAlT (27) 


ate <<—— tWB (12) 


Ry 


FIGURE 28. MODE 1 (STROBED OUTPUT) 


CPU TO 82C55A 
a) 


= (NOTE) 
anal tAOoB —e| 1 


PERIPHERALS 


tSIB| pee wi 


(23 


tAD (19) _ 


<—_——. tPS (17) ——»> Se “ry 


ee aD at So owe 
Ss 


tRIB (24) —» 
DATA FROM DATA FROM 
PERIPHERAL TO 82C55A 82C55A TO PERIPHERAL 
DATA FROM 
82C55A TO CPU 


FIGURE 29. MODE 2 (BI-DIRECTIONAL) 


e WR occurs before ACK and STB occurs before RD is permissible. (INTR = IBF e MASK e STB e RD e OBF e 
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Timing Waveforms (Continued) 


A0-A1, 
cs 


tRA (2) 


HIGH IMPEDANCE 
tWWw (9) 
FIGURE 30. WRITE TIMING FIGURE 31. READ TIMING 


AC Test Circuit AC Testing Input, Output Waveforms 


v1 INPUT OUTPUT 


VIH + 0.4V VOH 
rs 
OUTPUT FROM TEST VIL - 0.4V : VOL 
DEVICE UNDER POINT ; 
TEST AC Testing: All AC Parameters tested as per test circuits. Input RISE and 
R2 a FALL times are driven at 1ns/V. 


SEE NOTE) 
TEST CONDITION DEFINITION TABLE 


Lrestconomion [vi] A] ma] ot 
SS REA Oo Sa 
Sn OA Oa 
SORA a 


NOTE: Includes STRAY and JIG Capacitance 


Burn-In Circuits 


MD82C55A CERDIP MR82C55A CLCC 
ower nn © o se N 
F6 ft a0 F114 cer ketericié 
F7 EI 39 F12 
F8 3] 38 F13 
F9 g 37] F14 
rOiiDeeFe pads 44, AS, AZ Al, AO 
F4 | 5 | 36) F2 GND 1 Heat al dd if teat ft Sent ut bed bed bed bed bed 33 
F3 G 35 FS = r5 F5 
° q 
GND 3a F15 4 - 
FO : F15 
FO é] EX F11 = c 
: F1 0: (36 F114 
P qi = he F10 i 38 F12 
F10 70) = F13 F6 3 ray F13 
8 - be 
F6 TT bas F14 = ES (3 F14 
F7 12) = Fi5 Bs ia (32 F15 
Fé 13 28 Fit F9 8 § F11 
F9 4 ce me F10 CI 30 Fiz 
F10 15 26 a % (55 
F6 16 25 F13 ey | 118: 119: 20s Ti 123 2 Oa OS: ee ih Obs 
F7 7 24 F14 2 
FE if) 23 F15 
F9 19 22 F11 zc C1 
1 oooNnrwr wo Ft © 
ene = Bi) des a aa a 
NOTES: NOTES: 
1. Voc = 5.5V +0.5V 1. C1 =0.01pF minimum 
2. VIH = 4.5V+ 10% 2. All resistors are 47kQ +5% 
3. VIL = -0.2V to 0.4V 3. f0 = 100kHz + 10% 
4. GND = 0V 4. f1 =f0+2;f2=f1+2;...;f15=f14+2 
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Die Characteristics 


HH 
>< 
oO fee) 
— 6A es 
ROR 
=>ne 
3S 
qc 
4 = = 
O 

D 
a — 
OH 
Oo ® 
D x 
WS 
= 
ra] 
Ww 
ra) 


METALLIZATION: 


WORST CASE CURRENT DENSITY: 
0.78 x 10° A/cm? 


kA +1kA 


Type: Silicon - Aluminum 


Thickness: 11 


WR 


82C55A 
PA2 PA3 PA4 PAS PA6 PA7 


RD PAO PAt1 


Metallization Mask Layout 


S1TVusaHdldad 


SOWD 


RESET 


yer yer Wk) SOT AT SS NAT ST SY 
al 1 bat al ffiad hal Ma! NN ANY DO 


i] 
—— 
_-— ===" eat 


' 
= 
OMS ot 5) 


a al 


iy oo Mf 
elo gt me te raed rantans 
be hal 


an wai :--=- 


Cis it i Te * 


ee ee eee ee Fann-tp conn |f amo |fane-] Pann t 
STS ISIS TRIS Re SSIES rang 


od ores A BAS CAT DONE — ban XAT ANT BAY 


PBO PBi PB2 PB3 PB4 PB5 PB6 PB7 
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SEMICONDUCTOR 


82C59A 


CMOS Priority Interrupt Controller 


GD 


March 1997 
Features Description 
e 12.5MHz, 8MHz and 5MHz Versions Available The Harris 82C59A is a high performance CMOS Priority 
- 12,5MHz Operation............00e0005 82C59A-12 ‘Interrupt Controller manufactured using an advanced 2um 
- 8MHz Operation ................0.eeeee 82C59A a a ag tagrione is pose pipe ae 
- 5MHz Operation .............20e ee eeee 82C59A-5 ie ro. ie eee oe eee 


¢ High Speed, “No Wait-State” Operation with 12.5MHz 
_ 80C286 and 8MHz 80C86/88 


¢ Pin Compatible with NMOS 8259A 
¢ 80C86/88/286 and 8080/85/86/88/286 Compatible 


¢ Eight-Level Priority Controller, Expandable to 
64 Levels 


e Programmable Interrupt Modes 


individual Request Mask Capability 


Fully Static Design 
e Fully TTL Compatible 


e Low Power Operation 


= ICOSE i vccvcwvcrsceeswavenmenss 10uA Maximum 
“ TCCOM 6cstaandy ceed cun eset 1mA/MHz Maximum 
e Single 5V Power Supply 
¢ Operating Temperature Ranges 
i ROR nos ecuexneadgascenaseawns 0°C to +70°C 
Se ee -40°C to +85°C 
« MOZCSOA.... oc innnenccnsnnsends -55°C to +125°C 


priority system. The high speed and industry standard 
configuration of the 82C59A make it compatible with micro- 
processors such as 80C286, 80286, 80C86/88, 8086/88, 
8080/85 and NSC800. 


The 82C59A can handle up to eight vectored priority inter- 
rupting sources and is cascadable to 64 without additional 
circuitry. Individual interrupting sources can be masked or 
prioritized to allow custom system configuration. Two modes 
of operation make the 82C59A compatible with both 8080/85 
and 80C86/88/286 formats. 


Static CMOS circuit design ensures low operating power. 
The Harris advanced CMOS process results in performance 
equal to or greater than existing equivalent products at a 
fraction of the power. 


Ordering Information 


CP82C59A CP82C59A-12 


5962-8501601YA 5962-8501602YA 


CM82C59A-5 CM82C59A CM82C59A-12 


a sy 
[ore2cssas —[CPE2C59A_—=«[CPG2CS9A-12 | 261d PDIP 
IP82C59A-5 IP82C59A IP82C59A-12 -40°C to +85°C 
CS82C59A-5 CS82C59A CS82C59A-12 28 Ld PLCC 0°C to +70°C 
IS82C59A-5 IS82C59A IS82C59A-12 
CD82C59A-5 CD82C59A CD82C59A-12 CERDIP 0°C to +70°C F28.6 
SMD# 


ID82C59A-5 ID82C59A ID82C59A-12 
MD82C59A-5/B MD82C59A/B MD82C59A-12/B 


MR82C59A-5/B MR82C59A/B MR82C59A-12/B |28 Pad CLCC 
5962-85016013A 5962-85016023A pe SMD# 


TEMPERATURE 


0°C to +70°C 


-40°C to +85°C N28.45 


-40°C to +85°C F28.6 
-55°C to +125°C F28.6 


-55°C to +125°C J28.A 
28 Ld SOIC 0°C to +70°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
Pyrig P 4-254 
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File Number 


82C59A 


Pinouts 


82C59A (PDIP, CERDIP, SOIC) 82C59A (PLCC, CLCC) 
TOP VIEW TOP VIEW 


IR7 
IR6 
IR5 
IR4 
IR3 
IR2 
IR1 


[Pw DESCRIPTION _ 
Roi Readinput 


CMOS 
PERIPHERALS 


Functional Diagram 
INTA INT 
DATA 
D7-Do 2 BUS aaa 
BUFFER 


_ IRO 
RD—+0 READ/ IR1 
WR—>O] = WRITE IN - INTERRUPT }e— IR2 
LOGIC SERVICE PRIORITY REQUEST IR3 
“ ‘ REG (| nesoLven Ki] REG IR4 
(ISR) (IRR) IR5 
cs IR6 
IR7 
CAS 0 CASCADE INTERRUPT MASK REG 
CAS 1 BUFFER eae (IMR) 
CAS 2 COMPARATOR 
a 
SP/EN INTERNAL BUS 


FIGURE 1. 
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Pin Description 


PIN 
SYMBOL NUMBER | TYPE DESCRIPTION 
ef Voc: The +5V power supply pin. A 0.1u.F capacitor between pins 28 and 14 is recommended for 
decoupling. 


cS 1 CHIP SELECT: A low on this pin enables RD and WR communications between the CPU and the 
82C59A. INTA functions are independent of CS. 
WR 2 WRITE: A low on this pin when CS is low enables the 82C59A to accept command words from 
the CPU. 
3 READ: A low on this pin when CS is low enables the 82C59A to release status onto the data bus 
for the CPU. 
D7 - DO 4-11 1/0 BIDIRECTIONAL DATA BUS: Control, status, and interrupt-vector information is transferred via 
this bus. 
CASO - CAS2 | 12, 13, 15 CASCADE LINES: The CAS lines form a private 82C59A bus to control a multiple 82C59A struc- 
ture. These pins are outputs for a master 82C59A and inputs for a slave 82C59A. 
SP/EN /O SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin. When in the Buffered Mode it 
can be used as an output to control buffer transceivers (EN). When not in the Buffered Mode it is 


used as an input to designate a master (SP = 1) or slave (SP = 0). 
IRO - IR7 18 - 25 “LE 


INTERRUPT: This pin goes high whenever a valid interrupt request is asserted. It is used to inter- 
rupt the CPU, thus, it is connected to the CPU's interrupt pin. 


INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request is executed by raising an 
IR input (low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just 
by a high level on an IR input (Level Triggered Mode). Internal pull-up resistors are implemented 


INTERRUPT ACKNOWLEDGE: This pin is used to enable 82C59A interrupt-vector data onto the 
data bus by a sequence of interrupt acknowledge pulses issued by the CPU. 


ADDRESS LINE: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 
82C59A to decipher various Command Words the CPU writes and status the CPU wishes to read. 
It is typically connected to the CPU AO address line (A1 for 80C86/88/286). 


Functional Description 


CPU - DRIVEN 


Interrupts in Microcomputer Systems MULTIPLEXER 


Microcomputer system design requires that I/O devices such 
as keyboards, displays, sensors and other components 
receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the 
microcomputer with little or no effect on throughput. 


The most common method of servicing such devices is the 
Polled approach. This is where the processor must test each 
device in sequence and in effect “ask” each one if it needs 
servicing. It is easy to see that a large portion of the main 
program is looping through this continuous polling cycle and 
that such a method would have a serious, detrimental effect 
on system throughput, thus, limiting the tasks that could be 
assumed by the microcomputer and reducing the cost effec- 
tiveness of using such devices. 


FIGURE 2. POLLED METHOD 
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A more desirable method would be one that would allow the 
microprocessor to be executing its main program and only 
stop to service peripheral devices when it is told to do so by 
the device itself. In effect, the method would provide an 
external asynchronous input that would inform the processor 
that it should complete whatever instruction that is currently 
being executed and fetch a new routine that will service the 
requesting device. Once this servicing is complete, however, 
the processor would resume exactly where it left off. 


This is the Interrupt-driven method. It is easy to see that sys- 
tem throughput would drastically increase, and thus, more 
tasks could be assumed by the microcomputer to further 
enhance its cost effectiveness. 


FIGURE 3. INTERRUPT METHOD 


DATA 


The Programmable Interrupt Controller (PIC) functions as an 
overall manager in an Interrupt-Driven system. It accepts 
requests from the peripheral equipment, determines which 
of the incoming requests is of the highest importance (prior- 
ity), ascertains whether the incoming request has a higher 
priority value than the level currently being serviced, and 
issues an interrupt to the CPU based on this determination. 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific func- 
tional or operational requirements; this is referred to as a 
“service routine”. The PIC, after issuing an interrupt to the 
CPU, must somehow input information into the CPU that can 
“point” the Program Counter to the service routine associ- 
ated with the requesting device. This “pointer” is an address 
in a vectoring table and will often be referred to, in this docu- 
ment, as vectoring data. 


82C59A Functional Description 


The 82C59A is a device specifically designed for use in real 
time, interrupt driven microcomputer systems. It manages 
eight levels of requests and has built-in features for expand- 
ability to other 82C59As (up to 64 levels). It is programmed 
by system software as an I/O peripheral. A selection of prior- 
ity modes is available to the programmer so that the manner 
in which the requests are processed by the 82C59A can be 
configured to match system requirements. The priority 
modes can be changed or reconfigured dynamically at any 
time during main program operation. This means that the 
complete interrupt structure can be defined as required, 
based on the total system environment. 


Interrupt Request Register (IRR) and In-Service Register 
(ISR) 


The interrupts at the IR input lines are handled by two registers 
in cascade, the Interrupt Request Register (IRR) and the In- 
Service Register (ISR). The IRR is used to indicate all the inter- 
rupt levels which are requesting service, and the ISR is used to 
store all the interrupt levels which are currently being serviced. 


INTA INT 


CONTROL LOGIC 


ie ee 
iP | 


RD READ/ IR1 
wf YORE ; ! me 
SERVICE PRIORITY 
™ REG K-—)| resolver K. REG Ina 
ISR 
cs ey aia IR6 
IR7 
CAS 0 | eR cf ideale Baek REG 
ass COMPARATOR 
SP/EN INTERNAL BUS 


FIGURE 4. 82C59A FUNCTIONAL DIAGRAM 
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Priority Resolver 


This logic block determines the priorities of the bits set in the 
IRR. The highest priority is selected and strobed into the cor- 
responding bit of the ISR during the INTA sequence. 


Interrupt Mask Register (IMR) 


The IMR stores the bits which disable the interrupt lines to 
be masked. The IMR operates on the output of the IRR. 
Masking of a higher priority input will not affect the interrupt 
request lines of lower priority. 


Interrupt (INT) 


This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible with 
the 8080, 8085, 8086/88, 80C86/88, 80286, and 80C286 
input levels. 


Interrupt Acknowledge (INTA) 


INTA pulses will cause the 82C59A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (uPM) of the 82C59A. 


Data Bus Buffer 


This 3-state, bidirectional 8-bit buffer is used to interface the 
82C59A to the System Data Bus. Control words and status 
information are transferred through the Data Bus Buffer. 


Read/Write Control Logic 


The function of this block is to accept output commands from 
the CPU. It contains the Initialization Command Word (ICW) 
registers and Operation Command Word (OCW) registers 
which store the various control formats for device operation. 
This function block also allows the status of the 82C59A to 
be transferred onto the Data Bus. 


Chip Select (CS) 


A LOW on this input enables the 82C59A. No reading or 
writing of the device will occur unless the device is selected. 


Write (WR) 


A LOW on this input enables the CPU to write control words 
(ICWs and OCWs) to the 82C59A. 


Read (RD) 


A LOW on this input enables the 82C59A to send the status 
of the Interrupt Request Register (IRR), In-Service Register 
(ISR), the Interrupt Mask Register (IMR), or the interrupt 
level (in the poll mode) onto the Data Bus. 


AO 


This input signal is used in conjunction with WR and RD sig- 
nals to write commands into the various command registers, 
as well as to read the various status registers of the chip. 
This line can be tied directly to one of the system address 
lines. 


The Cascade Buffer/Comparator 


This function block stores and compares the IDs of all 
82C59As used in the system. The associated three |/O pins 
(CASO - 2) are outputs when the 82C59A is used as a mas- 
ter and are inputs when the 82CS59A is used as a slave. As a 
master, the 82C59A sends the ID of the interrupting slave 
device onto the CASO - 2 lines. The slave, thus selected will 
send its preprogrammed subroutine address onto the Data 
Bus during the next one or two consecutive INTA pulses. 
(See section “Cascading the 82C59A”.) 


Interrupt Sequence 


The powerful features of the 82C59A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specified interrupt routine requested without 
any polling of the interrupting devices. The normal sequence 
of events during an interrupt depends on the type of CPU 
being used. 


These events occur in an 8080/8085 system: 


1. One or more of the INTERRUPT REQUEST lines 
(IRO - IR7) are raised high, setting the corresponding IRR 
bit(s). 


2. The 82C59A evaluates those requests in the priority 
resolver and sends an interrupt (INT) to the CPU, if 
appropriate. 


3. The CPU acknowledges the INT and responds with an 
INTA pulse. 


4. Upon receiving an INTA from the CPU group, the highest 
priority ISR bit is set, and the corresponding IRR bit is 
reset. The 82C59A will also release a CALL instruction 
code (11001101) onto the 8-bit data bus through DO - D7. 


5. This CALL instruction will initiate two additional INTA 
pulses to be sent to 82C59A from the CPU group. 


6. These two INTA pulses allow the 82C59A to release its 
preprogrammed subroutine address onto the data bus. 
The lower 8-bit address is released at the first INTA pulse 
and the higher 8-bit address is released at the second 
INTA pulse. 


7. This completes the 3-byte CALL instruction released by 
the 82C59A. In the AEOI! mode, the ISR bit is reset at the 
end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is issued 
at the end of the interrupt sequence. 


The events occurring in an 80C86/88/286 system are the 
same until step 4. 


4. The 82C59A does not drive the data bus during the first 
INTA pulse. 


5. The 80C86/88/286 CPU will initiate a second INTA pulse. 
During this INTA pulse, the appropriate ISR bit is set and 
the corresponding bit in the IRR is reset. The 82C59A 
outputs the 8-bit pointer onto the data bus to be read by 
the CPU. 
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ADDRESS BUS (16) 


CONTROL BUS 


ee 
DATA BUS (8) 


CASCADE 
LINES 


IRQ IRQ 


SLAVE PROGRAM/ 
ENABLE BUFFER 


RD WR INT INTA 


D7 -Do 


82C59A 
IRQ IRQ IRQ IRQ 
5 4 3 2 


INTERRUPT 
REQUESTS 


FIGURE 5. 82C59A STANDARD SYSTEM BUS INTERFACE 


6. This completes the interrupt cycle. In the AEOI mode, the 
ISR bit is reset at the end of the second INTA pulse. Oth- 
erwise, the ISR bit remains set until an appropriate EOI 
command is issued at the end of the interrupt subroutine. 


If no interrupt request is present at step 4 of either sequence 
(i.e., the request was too short in duration), the 82C59A will 
issue an interrupt level 7. If a slave is programmed on IR bit 
7, the CAS lines remain inactive and vector addresses are 
output from the master 82C59A. 


Interrupt Sequence Outputs 


8080, 8085 Interrupt Response Mode 


This sequence is timed by three INTA pulses. During the first 
INTA pulse, the CALL opcode is enabled onto the data bus. 


First Interrupt Vector Byte Data: Hex CD 


| 7 | 6 | 5 | 4 | 03 | ba | 01 | 00 | 
canCode} 1] 1 Popopy tpt Poy | 


During the second INTA pulse, the lower address of the 
appropriate service routine is enabled onto the data bus. 
When interval = 4 bits, A5 - A7 are programmed, while 

AO - A4 are automatically inserted by the 82C59A. When 
interval = 8, only A6 and A7 are programmed, while AO - A5 
are automatically inserted. 


CONTENT OF SECOND INTERRUPT VECTOR BYTE 
IR INTERVAL = 4 


| 7 | be | ps | 4 | os | bz | 01 | do | 
a | me et te 
| 6 jar tac} ast tts fotolo | 
| Ss [ar jas {as | i | o f+ {of ol 
REESE EERE ERERES 
| 3 jar tact ast io fst ttolo| 
2 far} ast ast of + foto} o 
Be ESE ES ER EERE ED 
po jar tac} ast of of of of | 


INTERVAL = 8 


IR 
| 7 | be | ps | 04 | 03 | 2 | ot | 00 | 
P77 far past tpi tit tooo | 
6 far past tpt totototo 
5 jar fast i | oft 


4 ar [as] i | 0 | 


During the third INTA pulse, the higher address of the appro- 
priate service routine, which was programmed as byte 2 of the 
initialization sequence (A8 - A15), is enabled onto the bus. 
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CONTENT OF THIRD INTERRUPT VECTOR BYTE 


ror [os [os [ooo] 


80C86, 80C88, 80C286 Interrupt Response Mode 


80C86/88/286 mode is similar to 8080/85 mode except that 
only two Interrupt Acknowledge cycles are issued by the pro- 
cessor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 8080/85 
systems in that the 82C59A uses it to internally freeze the 
state of the interrupts for priority resolution and, as a master, 
it issues the interrupt code on the cascade lines. On this first 
cycle, it does not issue any data to the processor and leaves 
its data bus buffers disabled. On the second interrupt 
acknowledge cycle in the 86/88/286 mode, the master (or 
slave if so programmed) will send a byte of data to the pro- 
cessor with the acknowledged interrupt code composed as 
follows (note the state of the ADI mode control is ignored 
and A5 - A11 are unused in the 86/88/286 mode). 


CONTENT OF INTERRUPT VECTOR BYTE FOR 
80C86/88/286 SYSTEM MODE 


[or [os [os [oe [os] or oo 
Pref [tefostmwlml1[7]o| 
Pine [7 [te [ts |e | 3 


pi fot 
ec Ex 
Ace Re 
po i 8 
po pots 
Raza ee 


Programming the 82C59A 


The 82C59A accepts two types of command words gener- 
ated by the CPU: 


1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 82C59A in the system must be 
brought to a starting point - by a sequence of 2 to 4 bytes 
timed by WR pulses. 


2. Operation Command Words (OCWs): These are the 
command words which command the 82C59A to operate 
in various interrupt modes. Among these modes are: 


a. Fully nested mode. 

b. Rotating priority mode. 
c. Special mask mode. 
d. Polled mode. 


The OCWs can be written into the 82C59A anytime after ini- 
tialization. 


Initialization Command Words (IC Ws) 


General 


Whenever a command is issued with AO = 0 and D4 = 1, this 
is interpreted as Initialization Command Word 1 (ICW1). 
ICW1 starts the initialization sequence during which the fol- 
lowing automatically occur: 


a. The edge sense circuit is reset, which means that follow- 
ing initialization, an interrupt request (IR) input must make 
a low-to-high transition to generate an interrupt. 


b. The Interrupt Mask Register is cleared. 
c. IR7 input is assigned priority 7. 


d. Special Mask Mode is cleared and Status Read is set to 
IRR. 


e. If IC4 = 0, then all functions selected in ICW4 are set to 
zero. (Non-Buffered mode (see note), no Auto-EOl, 
8080/85 system). 


NOTE: Master/Slave in |CW4 is only used in the buffered mode. 


NO (SNGL = 1) 


YES (SNGL = 0)) 


NO (IC4 = 0) 


YES (IC4 = 1) 


READY TO ACCEPT 
INTERRUPT REQUESTS 


FIGURE 6. 82C59A INITIALIZATION SEQUENCE 


Initialization Command Words 1 and 2 (ICW1, ICW2) 


A5 - A15: Page starting address of service routines. In an 
8080/85 system the 8 request levels will generate CALLS to 
8 locations equally spaced in memory. These can be pro- 
grammed to be spaced at intervals of 4 or 8 memory loca- 
tions, thus, the 8 routines will occupy a page of 32 or 64 
bytes, respectively. 
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icw1 


ra fo] % [% [| % |] 
a a 


0 = No ICW4 needed 


1 = Single 
0 = Cascade Mode 


CALL address interval 
1 = Interval of 4 
0 = Interval of 8 


1 = Level triggered mode 
0 = Edge triggered mode 


A7 - As of Interrupt vector address 
(MCS-80/85 mode only) 
ICW2 


rato [Tepe [ate [ef [m 
SE eles EES ee ee ee RS 


A15 - Ag of interrupt vector address 
(MCS80/85 mode) 


T7 - Tg of interrupt vector address 
(8086/8088 mode) 


ICW3 (MASTER DEVICE) 


po fm | me | ms | me fe fe | | 


| 1 | Ss | Ss | Ss {| Ss | Ss | Se | S: [ So | 
< 

ee ee ee ee ee Se ee ‘a ae 

O = IR input does not have a slave Oo = 

ICW3 (SLAVE DEVICE) = a 
oc 

tr 

o. 


ICW4 


1 = 8086/8088 mode 
0 = MCS-80/85 mode 


1 = Auto EOI 
0 = Normal EOI 


- Non buffered mode 
- Buffered mode slave 


- Buffered mode master 


1 = Special fully nested moded 
0 = Not special fully nested mode 


NOTE: Slave ID is equal to the corresponding master IR input. 


FIGURE 7. 82C59A INITIALIZATION COMMAND WORD FORMAT 
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The address format is 2 bytes long (AO - A15). When the 
routine interval is 4, AO - A4 are automatically inserted by 
the 82C59A, while A5 - A15 are programmed externally. 
When the routine interval is 8, AO - A5 are automatically 
inserted by the 82C59A while A6 - A15 are programmed 
externally. 


The 8-byte interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact jump 
table. 


In an 80C86/88/286 system, A15 - A11 are inserted in the 
five most significant bits of the vectoring byte and the 
82C59A sets the three least significant bits according to the 
interrupt level. A10 - A5 are ignored and ADI (Address inter- 
val) has no effect. 


LTIM: If LTIM = 1, then the 82C59A will operate in the level 
interrupt mode. Edge detect logic on the interrupt 
inputs will be disabled. 

ADI: ALL address interval. ADI = 1 then interval = 4; ADI 


= 0 then interval = 8. 


SNGL: Single. Means that this is the only 82C59A in the 
system. If SNGL = 1, no ICW83 will be issued. 


If this bit is set - ICW4 has to be issued. If ICW4 is 
not needed, set IC4 = 0. 


IC4: 


Initialization Command Word 3 (ICW3) 


This word is read only when there is more than one 82C59A 
in the system and cascading is used, in which case 

SNGL = 0. It will load the 8-bit slave register. The functions of 
this register are: 


a. In the master mode (either when SP = 1, or in buffered 
mode when M/S = 1 in ICW4) a “1” is set for each slave in 
the bit corresponding to the appropriate IR line for the 
slave. The master then will release byte 1 of the call 
sequence (for 8080/85 system) and will enable the corre- 
sponding slave to release bytes 2 and 3 (for 80C86/88/ 
286, only byte 2) through the cascade lines. 


b. In the slave mode (either when SP = 0, or if BUF = 1 and 
M/S = 0 in ICW4), bits 2 - 0 identify the slave. The slave 
compares its cascade input with these bits and if they are 
equal, bytes 2 and 3 of the call sequence (or just byte 2 for 
80C86/88/286) are released by it on the Data Bus. 


NOTE: (The slave address must correspond to the IR line it is con- 
nected to in the master ID). 


Initialization Command Word 4 (ICW4) 


SFNM: If SFNM = 1, the special fully nested mode is pro- 
grammed. 

BUF: If BUF = 1, the buffered mode is programmed. In 
buffered mode, SP/EN becomes an enable output 
and the master/slave determination is by M/S. 

M/S: _ If buffered mode is selected: M/S = 1 means the 


82C59A is programmed to be a master, M/S = 0 
means the 82C59A is programmed to be a slave. If 
BUF = 0, M/S has no function. 


AEOI: If AEOI = 1, the automatic end of interrupt mode is 
programmed. 
uPM: Microprocessor mode: npPM = 0 sets the 82C59A for 


8080/85 system operation, uPM = 1 sets the 
82C59A for 80C86/88/286 system operation. 


Operation Command Words (OCWs) 


After the Initialization Command Words (ICWs) are pro- 
grammed into the 82C59A, the device is ready to accept 
interrupt requests at its input lines. However, during the 
82C59A operation, a selection of algorithms can command 
the 82C59A to operate in various modes through the Opera- 
tion Command Words (OCWs). 


OPERATION COMMAND WORDS (OCWs) 


Operation Command Word 1 (OCW1) 


OCW1 sets and clears the mask bits in the Interrupt Mask 
Register (IMR) M7 - MO represent the eight mask bits. M = 1 
indicates the channel is masked (inhibited), M = 0 indicates 
the channel is enabled. 


Operation Command Word 2 (OCW2) 


R, SL, EO! - These three bits control the Rotate and End of 
Interrupt modes and combinations of the two. A chart of 
these combinations can be found on the Operation Com- 
mand Word Format. 


L2, L1, LO - These bits determine the interrupt level acted 
upon when the SL bit is active. 


Operation Command Word 3 (OCW3) 


ESMM - Enable Special Mask Mode. When this bit is set to 1 
it enables the SMM bit to set or reset the Special Mask 
Mode. When ESMM = 0, the SMM bit becomes a “don’t 
care”. 


SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the 
82C59A will enter Special Mask Mode. If ESMM = 1 and 
SMM = 0, the 82C59A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 


Fully Nested Mode 


This mode is entered after initialization unless another mode 
is programmed. The interrupt requests are ordered in priority 
from 0 through 7 (0 highest). When an interrupt is acknowl- 
edged the highest priority request is determined and its vec- 
tor placed on the bus. Additionally, a bit of the Interrupt 
Service register (ISO - 7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) command 
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immediately before returning from the service routine, or if After the initialization sequence, IRO has the highest priority 
the AEOI (Automatic End of Interrupt) bit is set, until the trail- and IR7 the lowest. Priorities can be changed, as will be 
ing edge of the last INTA. While the IS bit is set, all further explained in the rotating priority mode or via the set priority 
interrupts of the same or lower priority are inhibited, while © command. 

higher levels will generate an interrupt (which will be 

acknowledged only if the microprocessor internal interrupt 

enable flip-flop has been re-enabled through software). 


ocwi 


Interrupt Mask 
1 = Mask set 


0 = Mask reset 
OCW2 


Ce ee 
po fT RE se peo of oe Tite Pt 


IR LEVEL TO BE 
ACTED UPON 


o}it2{s}a|s|ej7| 
po} ifots fot rfota 
eee 
pofopofoysy ists tt 


End of interrupt 
on + Specific EO! command 


Rotate on non-specific EO! command 


Rotate in automatic EOI mode (set) 


Rotate in automatic EOI mode (clear) Automatic rotation 


PERIPHERALS 


} Specific rotation 
+ Lo - Lo are used 


OCW3 


fo | mr | me | os | oe fo |e | 
a Se 
READ REGISTER COMMAND 


Read _iR re Read |S 
No Action} next RD pu ak next AD c “f 


1 = Poll command 
0 = No poll command 


SPECIAL MASK MODE 


Reset special | Set oe 
No Action} mask mask 


FIGURE 8. 82C59A OPERATION COMMAND WORD FORMAT 
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End of Interrupt (EOI) 


The In-Service (IS) bit can be reset either automatically fol- 
lowing the trailing edge of the last in sequence INTA pulse 
(when AEOI bit in ICW1 is set) or by a command word that 
must be issued to the 82C59A before returning from a ser- 
vice routine (EO! Command). An EO! command must be 
issued twice if servicing a slave in the Cascade mode, once 
for the master and once for the corresponding slave. 


There are two forms of EOI command: Specific and Non- 
Specific. When the 82C59A is operated in modes which pre- 
serve the fully nested structure, it can determine which |S bit 
to reset on EOI. When a Non-Specific command is issued 
the 82C59A will automatically reset the highest IS bit of 
those that are set, since in the fully nested mode the highest 
IS level was necessarily the last level acknowledged and 
serviced. A non-specific EOI can be issued with OCW2 
(EO! = 1, SL= 0, A =). 


When a mode is used which may disturb the fully nested 
structure, the 82C59A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of the com- 
mand the IS level to be reset. A specific EOI can be issued 
with OCW2 (EOI = 1, SL = 1, R = 0, and LO - L2 is the binary 
level of the IS bit to be reset). 


An IRR bit that is masked by an IMR bit will not be cleared by 
a non-specific EOI if the 82C59A is in the Special Mask 
Mode. 


Automatic End of Interrupt (AEOI) Mode 


If AEOI = 1 in ICW4, then the 82C59A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 82C59A will automatically perform a non-specific 
EOI operation at the trailing edge of the last interrupt 
acknowledge pulse (third pulse in 8080/85, second in 
80C86/88/286). Note that from a system standpoint, this 
mode should be used only when a nested multilevel interrupt 
structure is not required within a single 82C59A. 


Automatic Rotation (Equal Priority Devices) 


In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after being 
serviced, receives the lowest priority, so a device requesting 
an interrupt will have to wait, in the worst case until each of 7 
other devices are serviced at most once. For example, if the 
priority and “in service” status is: 


Before Rotate (IR4 the highest priority requiring service) 


After Rotate (IR4 was serviced, all other priorities rotated 
correspondingly) 


[os [ose [ss [ss [99 | 62 | 97 | 90 
resaustot+fofoto[o[o]o. 
pony [2t1}ol7fe[s[*[s_ 


Status A 


There are two ways to accomplish Automatic Rotation using 
OCW2, the Rotation on Non-Specific EO! Command (R = 1, 
SL = 0, EOI = 1) and the Rotate in Automatic EOI Mode 
which is set by (R = 1, SL = 0, EOI = 0) and cleared by 

(A= 0, SL =0, EO! = 0). 


lowest 


Specific Rotation (Specific Priority) 


The programmer can change priorities by programming the 
lowest priority and thus, fixing all other priorities; i.e., if IR5 is 
programmed as the lowest priority device, then IR6 will have 
the highest one. 


The Set Priority command is issued in OCW2 where: R = 1, 
SL = 1, LO - L2 is the binary priority level code of the lowest 
priority device. 


Observe that in this mode internal status is updated by soft- 
ware control during OCW2. However, it is independent of the 
End of Interrupt (EOI) command (also executed by OCW2). 
Priority changes can be executed during an EOI command 
by using the Rotate on Specific EO! command in OCW2 
(R=1, SL=1, EOI =1, and LO - L2 = IR level to receive low- 
est priority). 


Interrupt Masks 


Each Interrupt Request input can be masked individually by 
the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the IMR masks one interrupt channel if it 
is set (1). Bit O masks IRO, Bit 1 masks IR1 and so forth. 
Masking an IR channel does not affect the operation of other 
channels. 


Special Mask Mode 


Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during its 
execution under software control. For example, the routine 
may wish to inhibit lower priority requests for a portion of its 
execution but enable some of them for another portion. 


The difficulty here is that if an Interrupt Request is acknowl- 
edged and an End of Interrupt command did not reset its IS 
bit (i.e., while executing a service routine), the 82C59A 
would have inhibited all lower priority requests with no easy 
way for the routine to enable them. 


That is where the Special Mask Mode comes in. In the Spe- 
cial Mask Mode, when a mask bit is set in OCW1, it inhibits 
further interrupts at that level and enables interrupts from all 
other levels (lower as well as higher) that are not masked. 


Thus, any interrupts may be selectively enabled by loading 
the mask register. 
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The Special Mask Mode is set by OCW3 where: ESMM = 1, 
SMM = 1, and cleared where ESMM = 1, SMM = 0. 


Poll Command 


In this mode, the INT output is not used or the microproces- 
sor internal Interrupt Enable flip flop is reset, disabling its 
interrupt input. Service to devices is achieved by software 
using a Poll command. 


The Poll command is issued by setting P = 1 in OCW3. The 
82C59A treats the next RD pulse to the 82C59A (i.e., RD = 
0, CS = 0) as an interrupt acknowledge, sets the appropriate 
IS bit if there is a request, and reads the priority level. Inter- 
rupt is frozen from WR to RD. 


LTIM BIT 
0 = EDGE 
1=LEVEL 


MODE 


FREEZE READ WRITE 


IRR MASK 


NOTES: 
1. Master clear active only during ICW1. 
2. FREEZE is active during INTA and poll sequence only. 
3. Truth Table for D-latch. 


C D Q Operation 
1 D1 D1 Follow 
0 X Qn-1 Hold 


The word enabled onto the data bus during RD is: 


pb7 | pe | os fa os | be ft | 0 
re ee ee ee ee 


WO - W2: Binary code of the highest priority level request- 
ing service. 


I: Equal to a “1” if there is an interrupt. 


This mode is useful if there is a routine command common to 
several levels so that the INTA sequence is not needed (saves 
ROM space). Another application is to use the poll mode to 
expand the number of priority levels to more than 64. 


TO OTHER PRIORITY CELLS 


CLR ISR 
a 
Q 
PRIORITY 
ser] RESOLVER 
Ct, 
CONTROL 
LOGIC 


READ IMR 
READ ISR 
MASTER CLEAR 


FIGURE 9. PRIORITY CELL - SIMPLIFIED LOGIC DIAGRAM 


Reading the 82C59A Status 


The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR) or OCW1 
(IMR). 


Interrupt Request Register (IRR): 8-bit register which con- 
tains the levels requesting an interrupt to be acknowledged. 
The highest request level is reset from the IRR when an 
interrupt is acknowledged. IRR is not affected by IMR. 


In-Service Register (ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 


Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0). 


The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 1). 


There is no need to write an OCW3 before every status read 
operation, as long as the status read corresponds with the 
previous one: i.e., the 82C59A “remembers” whether the IRR 
or ISR has been previously selected by the OCW3. This is 
not true when poll is used. In the poll mode, the 82C59A 
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treats the RD following a “poll write” operation as an INTA. 
After initialization, the 82C59A is set to IRR. 


For reading the IMR, no OCW3 is needed. The output data bus 
will contain the IMR whenever RD is active and AO = 1 (OCW'1). 
Polling overrides status read when P = 1, RR = 1 in OCWS. 


Edge and Level Triggered Modes 
This mode is programmed using bit 3 in ICW1. 


lf LTIM = “O”, an interrupt request will be recognized by a low to 
high transition on an IR input. The IR input can remain high 
without generating another interrupt. 


lf LTIM = “1”, an interrupt request will be recognized by a “high” 
level on an IR input, and there is no need for an edge detection. 
The interrupt request must be removed before the EOI com- 
mand is issued or the CPU interrupt is enabled to prevent a 
second interrupt from occurring. 


The priority cell diagram shows a conceptual circuit of the level 
sensitive and edge sensitive input circuitry of the 82C59A. Be 
sure to note that the request latch is a transparent D type latch. 


INT 
INTA 
LATCH 
ny Ari 
(NOTE 1) NOTE 1) 


EARLIEST IR 
CAN BE 
REMOVED 
NOTE: 
1. Edge triggered mode only. 


In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first INTA. 
If the IR input goes low before this time a DEFAULT !R7 will 
occur when the CPU acknowledges the interrupt. This can 
be a useful safeguard for detecting interrupts caused by spu- 
rious noise glitches on the IR inputs. To implement this fea- 
ture the IR7 routine is used for “clean up” simply executing a 
return instruction, thus, ignoring the interrupt. If IR7 is 
needed for other purposes a default IR7 can still be detected 
by reading the ISR. A normal IR7 interrupt will set the corre- 
sponding ISR bit, a default IR7 won't. If a default IR7 routine 
occurs during a normal IR7 routine, however, the ISR will 
remain set. In this case it is necessary to keep track of 
whether or not the IR7 routine was previously entered. If 
another IR7 occurs it is a default. 


In power sensitive applications, it is advisable to place the 
82C59A in the edge-triggered mode with the IR lines nor- 
mally high. This will minimize the current through the internal 
pull-up resistors on the IR pins. 


80C86/88/286 
8080/85 


i 80C86/88/286 
XA 


8080/85 


FIGURE 10. IR TRIGGERING TIMING REQUIREMENTS 


The Special Fully Nested Mode 


This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved 
within each slave. In this case the special fully nested mode 
will be programmed to the master (using ICW4). This mode 
is similar to the normal nested mode with the following 
exceptions: 


a. When an interrupt request from a certain slave is in ser- 
vice, this slave is not locked out from the master’s priority 
logic and further interrupt requests from higher priority 
IRs within the slave will be recognized by the master and 
will initiate interrupts to the processor. (In the normal 
nested mode a slave is masked out when its request is in 
service and no higher requests from the same slave can 
be serviced. 


b. When exiting the Interrupt Service routine the software 
has to check whether the interrupt serviced was the only 


one from that slave. This is done by sending a non-spe- 
cific End of Interrupt (EO!) command to the slave and 
then reading its In-Service register and checking for zero. 
If it is empty, a non-specified EOI can be sent to the mas- 
ter, too. If not, no EOI should be sent. 


Buffered Mode 


When the 82C59A is used in a large system where bus driv- 
ing buffers are required on the data bus and the cascading 
mode is used, there exists the problem of enabling buffers 


The buffered mode will structure the 82C59A to send an 
enable signal on SP/EN to enable the buffers. In this mode, 
whenever the 82C59A’s data bus outputs are enabled, the 
SP/EN output becomes active. 
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This modification forces the use of software programming to 
determine whether the 82C59A is a master or a slave. Bit 3 
in |CW4 programs the buffered mode, and bit 2 in ICW4 
determines whether it is a master or a slave. 


Cascade Mode 


The 82C59A can be easily interconnected in a system of 
one master with up to eight slaves to handle up to 64 priority 
levels. 


The master controls the slaves through the 3 line cascade 
bus (CAS2 - 0). The cascade bus acts like chip selects to the 
slaves during the INTA sequence. 


In a cascade configuration, the slave interrupt outputs (INT) 
are connected to the master interrupt request inputs. When 
a slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave to 


release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only for 80C86/88/286). 


The cascade bus lines are normally low and will contain the 
slave address code from the leading edge of the first INTA 
pulse to the trailing edge of the last INTA pulse. Each 
82C59A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for the 
master and once for the corresponding slave. Chip select 
decoding is required to activate each 82C59A. 


NOTE: Auto EOI is supported in the slave mode for the 82C59A. 


The cascade lines of the Master 82C59A are activated only 
for slave inputs, non-slave inputs leave the cascade line 
inactive (low). Therefore, it is necessary to use a slave 
address of 0 (zero) only after all other addresses are used. 


ADDRESS BUS (16) 


CONTROL BUS 


a ee a ee ee Oe 


DATA BUS (8) 


Pty Ln 


cs D7-Do INTA 
Ag D7-Do oa 


CS Ao D7-Do INTA 
SLAVE A 


S 
Mee 
CAS 1 2C59A 
82C59A CAS 2 fel 82C59 
SPEN 765 43210 


GND 7 6 5 43 21 0 GND 


SLAVE B 
SPEN7 6543210 


7865843216 Voc 


Ap D7-Do INTA 
AS 0 


Ss 
me ee 
CAS 1 CAS 1 MASTER 82C59A 
CAS 2 }+—+++4 CAS 2 


SPEN7 6543 210 


765 43 2 140 


INTERRUPT REQUESTS 
FIGURE 11. CASCADING THE 82C59A 


4-267 


CMOS 
PERIPHERALS 


82C59A 


Absolute Maximum Ratings Thermal Information 
Supply Voltage... 0... cece eee eee +8.0V Thermal Resistance (Typical) Oya (CCIW) Bjc (°C/W) 
Input, Output or I/O Voltage ............ GND-0.5V to Voc+0.5V CERDIP Package ...............- 55 12 
ESO ClASsHiCAlGn 66s ccccnccarerecactecssntannoea ns Class | CLCC Package ...............005 65 14 
POIP PQQKAGG si occcc cece xsaxxews 55 N/A 
Operating Conditions PLOC Package .....22:c<neceesees 65 N/A 
Operating Voltage Range.................60-. +4.5V to +5.5V S SOIC Package. . . . R he s 65°C Te 0°C 
Operating Temperature Range................ -55°C to +125°G 1 Storage Temperature Range......... alee" vehi i to +15 ‘. 
Input Low Voltage OV to +0.8V Maximum Junction Temperature Ceramic Package ....... +175°C 
Oe , Maximum Junction Temperature Plastic Package.........+150°C 


Maximum Lead Temperature Package (Soldering 10s) .. . .+300°C 
(PLCC and SOIC - Lead Tips Only) 


Die Characteristics 
Gate COG voc k ccmuecdek been ce van vestawvousvowaws 1250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = +5.0V +10%, Ta = 0°C to +70°C (C82C59A), Ta = -40°C to +85°C (I8B2C59A), Ta = -55°C to 
+125°C (M82C59A) 


SYMBOL PARAMETER | MIN, | MAX | UNITS TEST CONDITIONS 


Vin Logical One Input Voltage V C82C59A, I82C59A 
V M82C59A 


VOH Output HIGH Voltage 3.0 IOH = -2.5MA 
VCC -0.4 lOH =-1 OOpA 


V 
V 
Se 
pA 
pA 
10 pA 
1 m 


TA 
ILIR IR Input Load Current Vin = OV 
Vin = Voc 
ICCSB =| Standby Power Supply Current Voc = 5.5V, Vin = Voc or GND Outputs 
Open, (Note 1) 
A/MHz | Vcc = 5.0V, Vin = Voc or GND, Outputs Open, 

Ta = 25°C, (Note 2) 

NOTES: 

1. Except for IRO - IR7 where Vin, = Vcc or open. 


2. ICCOP = 1mA/MHz of peripheral read/write cycle time. (ex: 1.0ys I/O read/write cycle time = 1mA). 


ICCOP | Operating Power Supply Current 


Capacitance T, = +25°C 


FREQ = 1MHz, all measurements reference to 
F 


device GND. 
COUT Output Capacitance 


Cl/O 1/O Capacitance 
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AC Electrical Specifications Vcc = +5.0V +10%, GND = OV, Ta = 0°C to +70°C (C82C59A), Ta -40°C to +85°C (I82C59A), 


Ta = -55°C to +125°C (M82C59A) 
UNITS | CONDITIONS 


82C59A-5 82C59A 82C59A-12 


SYMBOL PARAMETER 


TIMING REQUIREMENTS 


(1) TAHRL_ | AO/CS Setup to RD/INTA 
(2) TRHAX | AO/CS Hold after RD/INTA 


(3) TRLRH_ | RDANTA Pulse Width 


(4) TAHWL_ | AO/CS Setup to WR 


(5) TWHAX | AO/CS Hold after WR 


N =< 
on oyna 


=n 
2?) 
on 


WR Pulse Width 


(6) TWLWH 


(7) 
(8) TWHDX_ | Data Hold after WR 


ye) 
PS 
oO 


VWH_ | Data Setup to WR 


4 
0 


(9) TJLJH Interrupt Request Width Low 


(10) TCVIAL | Cascade Setup to Second or Third INTA 
(Slave Only) 


16 


o 


End of RD to next RD, End of INTA (within 
an INTA sequence only) 


(11) TRHRL 


on — 
Oo} u 
st —_ i. 
o}|a] o on als 
So oS 

oO} + ~ 


(12) TWHWL | End of WR to next WR 190 190 
(13) TCHCL | End of Command to next command (not 500 400 
(Note 1) same command type), End of INTA 


sequence to next INTA sequence 


TIMING RESPONSES 


(14) TRLDV | Data Valid from RD/INTA 
(15) TRHDZ | Data Float after RD/INTA 
(16) TJHIH | Interrupt Output Delay 


(17) TIALCV | Cascade Valid from First INTA 
(Master Only) 


(18) TRLEL | Enable Active from RD or INTA 
( 


ait 
NO 
io) 


2 


Nh 


foe) 
oO 


io) 
Oo 
io) 


mth 
oOo 
Oo 


oO 
Bi 
MN ae ou 
(o) mM] Oo io) 


(19) TRHEH | Enable Inactive from RD or INTA 
20) TAHDV | Data Valid from Stable Address 


(21) TCVDV | Cascade Valid to Valid Data 


—_ on 
ie) fe?) 
on o1 
Ww 
D 
oO 


1 
, 
1 
1 
, 
1 


w 
oO 
So 


NOTE: 


1. Worst case timing for TCHCL in an actual microprocessor system is typically greater than the values specified for the 82C59A, 
(i.e. 8085A = 1.6us, 8085A -2 = 1s, 80C86 = ips, 80C286 -10 = 131ns, 80C286 -12 = 98ns). 
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AC Test Circuit 


Vy 


TEST 
POINT 


OUTPUT FROM 
DEVICE UNDER 
TEST 


Cy 
3 oe 
NOTE: Includes stray and jig capacitance. 
TEST CONDITION DEFINITION TABLE 


TEST 
CONDITION V1 


1 [_1w [ses [Open | t008F 


AC Testing Input, Output Waveform 


INPUT OUTPUT 
Vin +0.4V Vou 
1.5V 1.5V 
Vit - 0.4V VoL 


NOTE: AC Testing: All input signals must switch between Vj, - 0.4V and Vj} + 0.4V. Input rise and fall times are driven at 1ns/V. 


Timing Waveforms 


WR (6) 
sali TWLWH 
(4) (5) 
TAHWL <—s»| TWHAX 
cs 
wonssei Xd 
Ao 
(7) (8) 
TDVWH TWHDX 
=_—P 


FIGURE 12. WRITE 
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Timing Waveforms (continued) 


RD/NTA TRLRH 


(19) 
TRHEH 
= _ 


EN 
TAHRL <—2»| TRHAX 


cs 
avoness (T_T 
Ao 


(14) (15) 


TRLDV TRHDZ 
—_—_—— 
Oe ee { = ee ee 
(20) 
TAHDV 


FIGURE 13. READANTA 


FIGURE 14. OTHER TIMING 
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ies ee SHH 
(9) “=n SEENOTE3 SEE NOTE4 
TJLJH | <a 4 
ast , 
INTA 


SEE NOTE 1 ——> 


(10) (10) 
TCVIAL ~+©!TCVIAL 


f__| Ff N 


(17) (21) 
TIALCV; TCVDV 
a el 


CAS 0-2 


NOTES: 
1. Interrupt Request (IR) must remain HIGH until leading edge of first INTA. 
2. During first INTA the Data Bus is not active in 80C86/88/286 mode. 
3. 80C86/88/286 mode. 
4. 8080/8085 mode. 
FIGURE 15. INTA SEQUENCE 
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NOTES: 


1 


on fF wo NW 


- Voc = 5.5V +0.5V. 
. Vin = 4.5V 410%. 
. Vit = -0.2V to 0.4V. 


GND = OV. 
R1 = 47kQ +5%. 


. R2=5100 +5%. 


82C59A 


MD82C59A CERDIP 
GND aL 2B] 
WA ine Ri 
ap Rt Be} A 
D6 ill py a4} R2 
- Ri R2 
D3 jal ra] Rae 
D2 ily 20}. R2 
D1 R' Fo mec 
Ri 
Do it ra} 
CAS 0 RS ial 
CAS 1 R3 Fi} T6}-B3 
R3 
GND 14) 45] 
MR82C59A CLCC 
Vec C1 
D7 RD WR GND AO INTA o 
ri] Ri} Riri Ri | R1 
R1 
R1 
Ri 
Ri 
Ri 
Ri 
Ri 


R1| R1 Ri | R1| R4] R2 
a no F G re SS & 
Oo Oo o | s 


. R38 = 10kQ +5%. 
. R4= 1.2kQ +5%. 
. C1 =0.01pF min. 
10. 
We 


FO = 100kHz +10%. 
Fl = FO/2, F2= F1/2, ...F8 = F7/2. 
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Die Characteristics 
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Metallization Mask Layout 


82C59A 
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March 1997 CMOS Octal Latching Bus Driver 


Features Description 


e Full Eight-Bit Parallel Latching Buffer The Harris 82C82 is a high performance CMOS Octal Latch- 
. ; ing Buffer manufactured using a self-aligned silicon gate 
Bipolar 8282 Compatible CMOS process (Scaled SAuI IV). The 82C82 provides an 
Three-State Noninverting Outputs eight-bit parallel latch/buffer in a 20 pin package. The active 
high strobe (STB) input allows transparent transfer of data 
and latches data on the negative transition of this signal. The 
Gated Inputs: active low output enable (OE) permits simple interface to 
state-of-the-art microprocessor systems. 


Propagation Delay 35ns Max. 


- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors Ordering Information 


ee ae [PART NUMBER | TEMP. RANGE | PACKAGE [PKG.NO.] 
Low Power Operation = 20 Ld PDIP F203 
Operating Temperature Ranges aes 
- C82C82 20Ld PLCC | N20.35 
estas See ce ll 
. Msoce2 20 Ld CERDIP | F20.3 


MD82C82/B -55°C to +125°C 
18406701RA RA 
eA -55°C to +125°C | 20 Pad CLCC |J20.A 
}84067012A SMD # 
Pinouts 


82C82 (PDIP, CERDIP) 82C82 (PLCC, CLCC) 
TOP VIEW TOP VIEW 


TRUTH TABLE 
8 
> 


oS 
SX 5 2 9 
66666 re 
3] 2 f 4} 2g fig 


= Logic One 
= Logic Zero 
= Don’t Care 
= Latched to Value of Last 
Data 
Hi-Z = High Impedance 
L = Neg. Transition 


PIN NAMES 


Active Low Output 
Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2975 1 


ight © Harri ion 1997 
Copyright © Harris Corporation 199 4-274 
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Functional Diagram 
- 1. ; 
[Dio | al Pe. 
Dis | oe 
| Dp Fp 
| Diy | poe 
Dis 
[Digs -—f 
Dy-—+—_"  ——i—=‘C;:;*W 
/\ 
STB 
Gated Inputs 


During normal system operation of a latch, signals on the bus 
at the device inputs will become high impedance or make 
transitions unrelated to the operation of the latch. These unre- 
lated input transitions switch the input circuitry and typically 
cause an increase in power dissipation in CMOS devices by 
creating a low resistance path between Vcc and GND when 
the signal is at or near the input switching threshold. Addition- 
ally, if the driving signal becomes high impedance (‘“float” con- 
dition), it could create an indeterminate logic state at the input 
and cause a disruption in device operation. 


The Harris 82C8X Series of bus drivers eliminates these con- 
ditions by turning off data inputs when data is latched (STB = 
logic zero for the 82C82/83H) and when the device is disabled 
(OE = logic one for 82C86H/87H). These gated inputs dis- 
connect the input circuitry from the Voc and ground power 
supply pins by turning off the upper P-channel and lower N- 
channel (see Figures 1, 2). No new current flow from Vcc to 
GND occurs during input transitions and invalid logic states 
from floating inputs are not transmitted. The next stage is held 
to a valid logic level internal to the device. 


STB 


INTERNAL 
DATA IN DATA 


FIGURE 1. 82C82/83H 


DC input voltage levels can also cause an increase in ICC if 
these input levels approach the minimum Vj or maximum 
Vii Conditions. This is due to the operation of the input cir- 
Cuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi- 
tion will occur only during the time the device is in the trans 
parent mode (STB = logic one). ICC remains below the max- 
imum ICC standby specification of |OmA during the time 
inputs are disabled, thereby, greatly reducing the average 
power dissipation of the 82C8X series devices 


Typical 82C82 System Example 


In a typical 80C86/88 system, the 82C82 is used to latch 
multiplexed addresses and the STB input is driven by ALE 
(Address Latch Enable) (see Figure 3). The high pulse width 
of ALE is approximately 100ns with a bus cycle time of 
800ns (80C86/88 at 5MHz). The 82C82 inputs are active 
only 12.5% of the bus cycle time. Average power dissipation 
related to input transitioning is reduced by this factor also. 


Vec 


OE 


DATA IN Le ai 
Vcc 


FIGURE 2. 82C86H/87H GATED INPUTS 
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Application Information 


Decoupling Capacitors 


The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C82 data sheet is 
determined by: 


| = C, (dv/dt) (EQ. 1) 


Assuming that all outputs change state at the same time and 
that dv/dt is constant; 


l=C, (EQ. 2) 


(Voc x 80%) 


(EQ. 3) 
tR/tF 


om OL 


MULTIPLEXED 
BUS { ADDRESS ) (ADDRESS } 
DATA IN 


where tR = 20ns, Vcc = 5.0V, C, = 300pF on each of eight 
outputs. 


| = (8 x 300 x 10°'*)x (5.0V x 0.8)/(20 x 10-2) = 480mA (EQ. 4) 
This current spike may cause a large negative voltage spike 
on Vcc, which could cause improper operation of the device. 
To filter out this noise, it is recommended that a 0.1pF 
ceramic disc decoupling capacitor be placed between Vcc 
and GND at each device, with placement being as near to 
the device as possible. 


Voc 


INTERNAL 
DATA 


FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Absolute Maximum Ratings Thermal Information 
CUNO VGN 8 op oa ssee resent berseess bane ire eseuns +8.0V Thermal Resistance (Typical) BJA 8jC 
Input, Output or I/O Voltage ............ GND-0.5V to Voc +0.5V CERDIP..........cccccccceccece 75°C/W 18°C/W 
Ea) OS GICOUO on beck ewido reer eee edie enekenes Class 1 CLOG... occu cccccccucscccceuee 85°C/W 22°C /W 
Pi cicacie neve ndeeausaba ta nus fi N/A 
Operating Conditions PAG iis sccuncisencieeteraarnse 75 N/A 
Operating Voltage Range..................08. +4.5V to +5.5V Storage Temperature RANGO... 2. seer severe “65°C to +150°C 
Operating Temperature Range Maximum Junction Temperature 5 
CB82CB2............ o.oo eee eee, 0°C to +70°C COPGIIG PACKAGG 220.2 cietnesnsisseseunsemendns +175°C 
182082................... “40°C to 485°C PinGUG PRENGGB ices scsederdcccusenguces aren cwunx +150°C 
M82CB82.......................0.000 0 55°C to +125°C Minimum Lead Temperature (Soldering 10s) ............ +300°C 
(PLCC Lead Tips Only) 


Die Characteristics 
TE oid io dk cee eb os Hwee Sian ethan bedae 65 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = 5.0V 10%; Ta = 0°C to +70°C (C82C82); 
Tas -40°C to +85°C (182C82); 
A = -55°C to +125°C (M82C82) 


i 
a 
i _ , 


Logical One Output Voltage lon = -8mA, OE = GND 


lon = -100nA, OE = GND 
Logical Zero Output Voltage 


1 Input Leakage Current Vin = GND or Vcc, DIP Pins 1-9, 11 
a 


Vo = GND or Vcc, OE = Vcc -0.5V 
DIP Pins 12-19 


pA Vin = Vcc or GND, Vcc = 5.5V, Outputs Open 
Ta = +25°C, Voc = 5V, Typical (See Note 2) 


1. Vip is measured by applying a pulse of magnitude = Vj}, min to one data input at a time and checking the corresponding device output 
for a valid logical “1” during valid input high time. Control pins (STB, OE) are tested separately with all device data input pins at Voc -0.4. 


2. Typical ICCOP = 1mA/MHz of STB cycle time. (Example: 5MHz pP, ALE = 1.25MHz, ICCOP = 1.25mA). 


Capacitance Ty, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 


CN Input Capacitance ae Freq = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications Vcc = 5.0V +10%; Ta = 0°C to +70°C (C82C82); 
C,. = 300pF (Note 1), Freq = 1MHz Ta -40°C to +85°C (182C82); 
A = -55°C to +125°C (M82C82) 


ee 
ower [Pemmamooneeawomat [=f = | meas 
a Ga 
a 
CG 
a 
Ca Cl 
=a 
cae 


(7) TSHSL STB High Time 
(8) TR, TF Input Rise/Fall Times 


NOTES: 
1. Output load capacitance is rated at 300pF for ceramic and plastic packages. 
2. All AC parameters tested as per test circuits and definitions below. Input rise and fall times are driven at 1ns/V. 
3. Input test signals must switch between Vj, - 0.4V and Viz +0.4V. 


Timing Waveforms 
TR, TF (8) 
2.0V 
= i 
TIVSL (5) | TSLIX 
(6) 


—— 


TSHSL (7) 


a 


STB 


TIVOV 
(1) TEHOZ (3) 


VOH -0.1V 
VOL +0.1V 


—=| TSHOV(2) 


Test Load Circuits 


1.7V 0.6V 3.3V 
3000 Lest 
OUTPUT POINT 
50pF 
(NOTE) ae 
TIVOV, TSHOV, TELOV TEHOZ OUTPUT HIGH DISABLE TEHOZ OUTPUT LOW DISABLE 


NOTE: Includes stray and jig capacitance. 
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Burn-In Circuits 


NOTES: 


Ts 
. Vip = 4.5V £10%. 

. Vir = -0.2V to 0.4V. 

» Ry = 47kQ +5%. 

. Ro = 2.0kQ +5%. 

» Rg = 4.2kQ +5%. 

. Rg = 470kQ +5%. 

. Cy =0.01pF minimum. 
. Fo = 100kHz +10%. 

. Fy = Fo/o, Fo = F4/o. 


So oO ON OO fF W PD 


ss 


Voc = 5.5 + 0.5V, GND = OV. 


F2 
F2 
F2 
F2 
F2 
F2 
F2 
F2 
FO 


F2 


F2 


F2 


F2 


F2 


Ry 
Ry 
Ry 
Ry 
Ry 
Ry 
Ry 
Ry 
Ry 


Rg 
Rg 
Rg 
Rg 


R3 


82C8&2 


MD 82C82 CERDIP 
Vcc 
C1 

1 20 

2 19 A 

3) 18} A 

ra A 

5 16 A Vcc 

| 6 15 A 

14 A Re 

8 43) As 

5 ij}—_;— A 

R 
i i FA 2 
MR 82C82 CLCC 
Vcc C1 
F2 F2 F2 Voc/2 o 
R3 | Rg | Rg R3 

Vec/2 
Voc/2 
Vec/2 
Vec/2 
Vec/2 


FO V_F1 Voc/2 Voc /2 
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Die Characteristics 


DIE DIMENSIONS: 
118.1 x 92.1 x 19 +1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA +1kA 


Metallization Mask Layout 
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82C82 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA +1 kA 


WORST CASE CURRENT DENSITY: 
2.00 x 10° A/em 


82C82 


Vcc DOO DO1 
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SUT gee PROUT ee SS 
FR TT bd : = 
Aa =| pity Mh 
et ET 
i euUTTIAIAY E DO4 
= RAT 
niin 
DO5 
= 


4-280 


HARRIS 82C83H 


March 1997 CMOS Octal Latching Inverting Bus Driver 


aD 


Features Description 


Full 8-Bit Parallel Latching Buffer The Harris 82C83H is a high performance CMOS Octal Latch- 
Bipolar 8283 Compatible ing Buffer manufactured using a self-aligned silicon gate 
CMOS process (Scaled SAuI IV). The 82C83H provides an 8- 
bit parallel latch/buffer in a 20 lead pin package. The active 
high strobe (STB) input allows transparent transfer of data 
Gated Inputs and latches data on the negative transition of this signal. The 
- Reduce Operating Power active low output enable (OE) permits simple interface to 
microprocessor systems. The 82C83H provides inverted data 
at the outputs. 


Ordering Information 


PARTNO. [ PACKAGE | TEMP RANGE | PKG. NO 
CP82C83H 20 Ld PDIP 0°C to +70°C E203 
Operating Temperature Ranges IPB2C83H "40°C to 85°C E203 
- C82C83H CS82C83H 20 Ld PLCC 0°C to+70°C | N20.35 
- 182C83H IS82C83H -40°C to +85°C N20.35 
- M82C83H CD82C83H 0°C to +70°C F20.3 
ID82C83H -40°C to +85°C F20.3 


Three-State Inverting Outputs 
Propagation Delay 25ns Max 


- Eliminate the Need for Pull-Up Resistors 
Single 5V Power Supply 
Low Power Operation 


20 Pad CLOG 
SME 


Pinouts 


82C83H (PDIP, CERDIP) 82C83H (PLCC, CLCC) 
TOP VIEW 


TRUTH TABLE PIN NAMES 


| PINS DESCRIPTION 
Dio - Diz Data Input Pins 
DOg - DO7 Data Output Pins 


Active High Strobe 
ogic One High Impedance OE Active Low Output Enable 


F 

Logic Zero Negative Transition 

Don't Care Latched to Value of Last 
Data 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2971 1 
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Functional Diagram 
| DQ | 
Ce oe 
| Y | 
[O11 fj —t - - - - -- —}—{01) 
D2 pt = st oe [Doz 
[a = 
[DiI4 F—f— ~~ 7 7 7 [DO4 
DIS ‘ialeieial 7 DOS) 
e——  &£ — [DOs 
eee 
/\ [\ 
STB | OE | 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
Voc and GND when the signal is at or near the input switch- 
ing threshold. Additionally, if the driving signal becomes high 
impedance (‘‘float" condition), it could create an indetermi- 
nate logic state at the inputs and cause a disruption in 
device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the input circuitry from the Voc and 
ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from Vcc to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 


Vcc Vcc 
P 
STB 
P 
DATA IN ial 
N 


FIGURE 1. 82C82/83H 


D.C. input voltage levels can also cause an increase in ICC if 
these input levels approach the minimum Vip or maximum 
Vi, conditions. This is due to the operation of the input cir- 
cuitry in its linear operating region (partially conducting 


state). The 82C8X series gated inputs mean that this condi- 
tion will occur only during the time the device is in the trans- 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10uA during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 


Voc 
P 
OE 
DATA IN a 
Voc 

N 

P 
N 

N 


FIGURE 2. 82C86H/87H GATED INPUTS 


Decoupling Capacitors 


The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C83H data sheet 
is determined by 


| = C,, (dv/dt) 


Assuming that all outputs change state at the same time and 
that dv/dt is constant; 


=¢ (Voc x 80 percent) (EQ. 1) 


| = 
L te/te 


where tp = 20ns, Vcc = 5.0V, Cy = 300pF on each eight out- 
puts. 


| = (8 x 300 x 10°!) x (5.0V x 0.8)/(20 x 10°9) = 480mA 


This current spike may cause a large negative voltage spike on 
Voc which could cause improper operation of the device. To fil- 
ter out this noise, it is recommended that a 0.1u.F ceramic disc 
Capacitor be placed between Vcc and GND at each device, 
with placement being as near to the device as possible. 


Vec Voc 
P 
N 
STB 
DATA IN a 


FIGURE 3. SYSTEM EFFECTS OF GATED INPUTS 
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Absolute Maximum Ratings Thermal Information 
BUDO VONANG 65450 keene weewes een ee hcesedeecnseana +8.0V Thermal Resistance (Typical) 85 a°C/W QjC°C/W 
Input, Output or I/O Voltage ............ GND 0.5V to Voc +0.5V CERDIP Package ................ 70 16 
Bo CIGSSCRUON 6 ose c ete gavaendeores ewan es enee eee Class 1 CLCC Package ...............00- 80 20 
FUP PAGKAOG sc scesasanencenunce 75 N/A 
Operating Conditions PLCC Package ..............005. 75 N/A 
Operating Voltage Range..................... +4.5V to +5.5V Storage Temperature Range. . . ee ee a “65°C to +150°C 
Operating Temperature Range Max Junction Temperature Ceramic PRORAOS scenic dane waces +175°C 
C82C83H_ ............ eee eee eee eee. 0°C to +70°C “Max Junction Temperature Plastic Package................ +150°C 
IB2CB3H eee eee cece eee eeees -40°C to +85°C Lead Temperature (Soldering 10s) (PLCC - Lead Tips Only) . . +300°C 
bse Nl io cdceadcadsvinesueceenstaunveas -55°C to +125°C 


Die Characteristics 
Pe a oo 6 ee esa oe eka ba Heawsied Gece eee 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vcc = 5.0V + 10%; Ta = 0°C to +70°C (C82C83H); 
Ta = -40°C to +85°C (182C83H); 
Ta = -55°C to +125°C (M82C83H) 


SYMBOL PARAMETER | MIN: [MAX UNITS TEST CONDITIONS 
Logical One Input Voltage C82C83H, I82C83H, 
M82C83H, _—aie 1) 


Logical One Output Voltage 
tee i 4V 


Logical Zero Output Voltage 


ICCSB Standby Power Supply Current ian oe 


en = -8mA, 
lon = -100mA, OE = GND 


lo = 20mA, OE = GND 


Vin = GND or Voc, 
DIP Pins 1-9,11 


Vo = GND or OE > Voc -0.5V 
DIP Pins 12-19 


VIN= Voc or GND 
Vcc = 5.5V Outputs Open 


1. Vip is measured by applying a pulse of magnitude = Vipin to one data Input at a time and checking the corresponding device output for 
a valid logical 1 - during valid input high time. Control pins (STB, CE) are tested separately with all device data input pins at Vcc -0.4V. 


2. Typical ICCOP = 1 mA/MHz of STB cycle time. (Example: 5MHz uP, ALE = 1.25MHz, ICCOP = 1.25mA). 


Capacitance Tp = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
ments are referenced to device 


GND 
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AC Electrical Specifications Voc = 5.0V +10%; C, = 300pF (Note 1), FREQ = 1MHz 
Ta = 0°C to +70°C (C82C83H); 
Ta = -40°C to +85°C (I82C83H); 
Ta = -55°C to +125°C (M82C83H) 


LIMITS 
SYMBOL PARAMETER | MIN| |) MAX UNITS TEST CONDITIONS 


[ivev [Persons oaaynpaw owas [| = [Swnowna 
@TEHoY_[PreposionDenysTe@ Gama [| 1 | % | _m _|seenawas 
@reoz_[Ouademetoe | _s_| ™ | ™ _|senawas 
@TEOY__[OuatnmneTe «|| S| _‘[senamas 
@TWa___[rowwosvesaurtmw © | - | = _|swnawas 
@TSX __[romwosTerastine |__| | m= _|senawas 

stewie PSone 
cs 


Input Rise/Fall Times 


See Notes 2, 3 


1. Output load capacitance is rated 300pF for both ceramic and plastic packages. 
2. All AC Parameters tested as per test load circuits. Input rise and tall times are driven at 1ns/V. 
3. Input test signals must switch between Vj, -0.4V and Vij +0.4V. 


Timing Waveforms 


—— TR, TF (8) 


2.0V 


TIVSL (5) | TSLIX 
(6) 


STB 
TSHSL (7) 
OE 
— ba i TEHOZ (3) TELOV (4) 
VOH -0.1V 
cms] KS 
/ VOL +0.1V 0.45V 
TSHOV (2) 


All Timing measurements are made at 1.5V unless otherwise noted. 
FIGURE 4. TIMING WAVEFORMS 


Test Load Circuits 


2.27V 1.5V 
910 1800 
TEST TEST 
OUTPUT POINT OUTPUT POINT 
300pF 300pF 
L (SEE NOTE) t) (SEE NOTE) 
FIGURE 5. TIVOV, TSHOV FIGURE 6. TELOV OUTPUT HIGH ENABLE 
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Test Load Circuits (continued) 


1.5V 2.27V 
510 910 
TEST TEST 
OUTPUT POINT OUTPUT POINT 
300pF 50pF 
il (SEE NOTE) L (SEE NOTE) 


NOTE: Includes jig and stray capacitance. 
FIGURE 7. TELOV OUTPUT LOW ENABLE FIGURE 8. TEHOZ OUTPUT LOW/HIGH DISABLE 


Burn-In Circuits 


Vec t|s/ ¢ 
- C1 cy;ac;ae 
F2 ii 20 
F2 ra] 9 A L 
RI 
F2 3) 18 A 
F2 4 A fa woe ws 
F2 A R4 = 
5) 16 Vec F2 z 
F2 G 45 A R4 w © 
F2 O wi 
F2 14 A - R4 six 
Rt F2 © 2 
F2 —Wy—-18 13 “a r> —F4 r 
FO 9) 12 A id 
Ri _ oO. 
10 11] Fi 
V 
o ot 
«| wale 
ra iv g on 
FIGURE 9. MD82C83H CERDIP FIGURE 10. MR82C83H CLCC 
NOTES: 


. Voc = 5.5V + 0.5V GND = OV 

. Vin = 4.5V + 10% 

, VIL = -0.2 to 0.4V 

. R1=47kW+5% 

. R2=2.0kW+5% 

R3 = 1.0kW + 5% 

R4 = 5.0kW + 5% 

. C1 =0.01pF Minimum 

. FO = 100kHz + 10% 

. F1 = FO0/2, F2 = F1/2, F3 = F2/2 


O©OMNDOOA AWD = 


= 
oO 
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Die Characteristics 


DIE DIMENSIONS: 
138.6 x 155.5 x 19 +1 mils 


METALLIZATION: 


Type: Silicon - Aluminum 
Thickness: 11 + okA 


Metallization Mask Layout 
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GLASSIVATION: 
Type: SiOo 


Thickness: 8kA +1 kA 


WORST CASE CURRENT DENSITY: 


2.0 x 10° A/cm? 
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@ HAR 82C84A 


March 1997 CMOS Clock Generator Driver 
Features Description 
e Generates the System Clock For CMOS or NMOS The Harris 82C84A is a high performance CMOS Clock Generator- 
Microprocessors driver which is designed to service the requirements of both CMOS 
and NMOS microprocessors such as the 80C86, 80C88, 8086 and 
e Up to 25MHz Operation the 8088. The chip contains a crystal controlled oscillator, a divide-by- 


ae three counter and complete “Ready” synchronization and reset logic. 
¢ Uses a Parallel Mode Crystal Circuit or External 


Frequency Source Static CMOS circuit design permits operation with an external fre- 


quency source from DC to 25MHz. Crystal controlled operation to 

e Provides Ready Synchronization 25MHz is guaranteed with the use of a parallel, fundamental mode 
crystal and two small load capacitors. 

e Generates System Reset Output From Schmitt Trigger 


Input All inputs (except X1 and RES) are TTL compatible over tempera- 


ture and voltage ranges. 


¢ TTL Compatible Inputs/Outputs Power consumption is a fraction of that of the equivalent bipolar cir- 
cuits. This speed-power characteristic of CMOS permits the 
designer to custom tailor his system design with respect to power 
and/or speed requirements. 


e Very Low Power Consumption 


e Single 5V Power Supply 
e Operating Temperature Ranges Ordering Information 


« CBACBAA . ccsuvvuscurdadenkanwade 0°C to +70°C PART 
NUMBER TEMP. RANGE 


eee ere rer -40°C to +85°C : - 
CP82C84A O°Cto+70°C |18Ld PDIP |E18.3 
it WEBER ccs ctnamananirenyens -55°C to +125°C — Y 
IP82C84A -40°C to +85°C E18.3 z 
fe) fe) wo 
CS82C84A 0°C to+70°C + =}20LdPLCC  |.N20.35 ir 
IS82C84A -40°C to +85°C N20.35 =x 
of 
CD82C84A 0°C to+70°C =} 18 Ld CERDIP | F18.3 ra 
ID82C84A -40°C to +85°C F18.3 - 
ae -55°C to +125°C F18.3 
}8406801VA | F18.3 
IMR82C84A/B_ | -55°C to +125°C | 20 Pad CLCC 
8406801 ee SMD# }J20.A 
Pinouts 
82C84A (PDIP, CERDIP) 82C84A (PLCC, CLCC) 
TOP VIEW TOP VIEW 


X2 
ASYNC 
EFI 
F/C 
NC 


41 
ft 
5 
24 
5 
Ss 
71 
a 
BI 
add 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2974.1 
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Functional Diagram 


82C84A 


ca a 
ASYNC 


1 Stage Ready 2 Stage Ready 
Synchronization Synchronization 
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Pin Description 


SYMBOL | NUMBER - TYPE DESCRIPTION 


AEN1, 3,7 ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus 
AEN2 Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2. Two AEN 
signal inputs are useful in system configurations which permit the processor to access two Multi- 
Master System Busses. In non-Multi-Master configurations, the AEN signal inputs are tied true 
(LOW). 
RDY1, BUS READY (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
RDY2 device located on the system data bus that data has been received, or is available RDY1 is qual- 
ified by AEN1 while RDY2 is qualified by AEN2. 
ASYNC 15 READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is low, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH, a single stage of READY synchronization is provided. 


READY READY: READY is an active HIGH signal which is the synchronized RDY signal input. READY 


is cleared after the guaranteed hold time to the processor has been met. 
X1, X2 17, 16 CRYSTAL IN: X1 and X2 are the pins to which a crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency, (Note 1). 
F/C 13 FREQUENCY/CRYSTAL SELECT: F/C is a strapping option. When strapped LOW. F/C permits 
the processor's clock to be generated by the crystal. When F/C is strapped HIGH, CLK is gen- 


erated for the EFI input, (Note 1). 


EXTERNAL FREQUENCY IN: When F/C is strapped HIGH, CLK is generated from the input fre- 
quency appearing on this pin. The input signal is a square wave 3 times the frequency of the de- 
sired CLK output. 


PROCESSOR CLOCK: CLK is the clock output used by the processor and all devices which di- 
rectly connect to the processor's local bus. CLK has an output frequency which is 1/3 of the crys- 
tal or EFI input frequency and a 1/3 duty cycle. 


PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is 1/2 that of 
CLK and has a 50% duty cycle. 


PERIPHERALS 


OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is 
equal to that of the crystal. 


—s 
=" 


RESET IN: RES is an active LOW signal which is used to generate RESET. The 82C84A pro- 
vides a Schmitt trigger input so that an RC connection can be used to establish the power-up 
reset of proper duration. 


RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determined by RES. 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple 82C84As 
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW the internal counters are allowed to resume count- 
ing. CSYNC needs to be externally synchronized to EFI. When using the internal oscillator 
CSYNC should be hardwired to ground. 


Voc: The +5V power supply pin. A 0.1.F capacitor between Vcc and GND is recommended for 
decoupling. 


_ 
je*) 


1. If the crystal inputs are not used X1 must be tied to Voc or GND and X2 should be left open. 
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Functional Description 


Oscillator 


The oscillator circuit of the 82C84A is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 


The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input 
crystal connections. For the most stable operation of the 
oscillator (OSC) output circuit, two capacitors (C1 = C2) as 
shown in the waveform figures are recommended. The out- 
put of the oscillator is buffered and brought out on OSC so 
that other system timing signals can be derived from this sta- 
ble, crystal-controlled source. 


TABLE 1. CRYSTAL SPECIFICATIONS 


TYPICAL CRYSTAL SPEC 
2.4 - 25MHz, Fundamental, “AT” cut 
6dB (Minimum) 


Capacitors C1, C2 are chosen such that their combined 
capacitance 


CT 


_C1xC2 
~ C1+C2 


(Including stray capacitance) 


matches the load capacitance as specified by the crystal 
manufacturer. This ensures operation within the frequency 
tolerance specified by the crystal manufacturer. 


Clock Generator 


The clock generator consists of a synchronous divide-by- 
three counter with a special clear input that inhibits the 
counting. This clear input (CSYNC) allows the output clock 
to be synchronized with an external event (Such as another 
82C84A clock). It is necessary to synchronize the CSYNC 
input to the EFI clock external to the 82C84A. This is accom- 
plished with two flip-flops. (See Figure 1). The counter out- 
put is a 33% duty cycle clock at one-third the input 
frequency. 

NOTE: The F/C input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the clock for the + 3 counter. If 
the EFI input is selected as the clock source, the oscillator 
section can be used independently for another clock source. 
Output is taken from OSC. 


CLOCK 
SYNCHRONIZE 


EFI 


Clock Outputs 


The CLK output is a 33% duty cycle clock driver designed to 
drive the 80C86, 80C88 processors directly. PCLK is a periph- 
eral clock signal whose output frequency is 1/2 that of CLK. 
PCLK has a 50% duty cycle. 


Reset Logic 


The reset logic provides a Schmitt trigger input (RES) and a 
synchronizing flip-flop to generate the reset timing. The reset 
signal is synchronized to the falling edge of CLK. A simple RC 
network can be used to provide power-on reset by utilizing this 
function of the 82C84A. 


READY Synchronization 


Two READY input (RDY1, RDY2) are provided to accommo- 
date two system busses. Each input has a qualifier (AEN1 and 
AEN2, respectively). The AEN signals validate their respective 
RDY signals. If a Multi-Master system is not being used the 
AEN pin should be tied LOW. 


Synchronization is required for all asynchronous active-going 
edges of either RDY input to guarantee that the RDY setup 
and hold times are met. Inactive-going edges of RDY in nor- 
mally ready systems do not require synchronization but must 
satisfy RDY setup and hold as a matter of proper system 
design. 


The ASYNC input defines two modes of READY synchroniza- 
tion operation. 


When ASYNC is LOW, two stages of synchronization are pro- 
vided for active READY input signals. Positive-going asynchro- 
nous READY inputs will first be synchronized to flip-flop one of 
the rising edge of CLK (requiring a setup time tR1VCH) and 
the synchronized to flip-flop two at the next falling edge of 
CLK, after which time the READY output will go active (HIGH). 
Negative-going asynchronous READY inputs will be synchro- 
nized directly to flip-flop two at the falling edge of CLK, after 
which the READY output will go inactive. This mode of opera- 
tion is intended for use by asynchronous (normally not ready) 
devices in the system which cannot be guaranteed by design 
to meet the required RDY setup timing, TR1VCL, on each bus 
cycle. 


When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY inputs 
are synchronized by flip-flop two on the falling edge of CLK 
before they are presented to the processor. This mode is avail- 
able for synchronous devices that can be guaranteed to meet 
the required RDY setup time. 


ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in the 
system. 


(TO OTHER 82C84As) 


NOTE: If EFI input is used, then crystal input X1 must be tied to Voc or GND and X2 should be left open. If the crystal inputs are used, 


then EFI should be tied to Vcc or GND. 


FIGURE 1. CSYNC SYNCHRONIZATION 
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Absolute Maximum Ratings Thermal Information 
SuUpOb VOUGOS .acack ese weves see escapee nereneaeesas +8.0V Thermal Resistance ................ ByA (°C/W) 0 yo (CCW) 
Input, Output or I/O Voltage ........... GND -0.5V to Voc +0.5V CERDIP PAGKSGG 50s srexsenwenees 80 20 
Pol CMeSNOGNON is cxcauicews<niaane ven aeeuwen aun Class 1 CLOG PackGG@ i s.ccccassiaswvcins 95 28 
PUP POCNGUG sé ccice nace crwenants 85 N/A 
Operating Conditions . senate Tree rrr TTT Tet 85 7 N/A : 
torage Temperature Range.................. -65~C to +150°C 
pie oo fake ee ne eee +4.5V to +5.5V Max Junction Temperature .............. 0c eee eee eee +175°C 
Pores SEAstrennnee S eene . . Lead Temperature (Soldering 10s) .................05. +300°C 
C82C84A Ce 0 C to +70 C (PLCC 7 Lead Tips Only) 
a var ances whaoaneeeneoens cume ones -40°C to +85°C 
ee -55°C to +125°C 


Die Characteristics 
Gate Court vc cecwnevaceneesuauussupesereuwnyusws 50 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vcc = +5.0V +10%, 
Ta = 0°C to +70°C (C82C84A), 
Ta = -40°C to +85°C (I82C84A), 
Ta = -55°C to +125°C (M82C84A) 


[ewweoc[_ramaweren [wn [wax [unre | TesToonomions 

ptm [eetownonewe eT ine 
V M82C84A, Notes 1, 2 

SN 

PN 


Reset Input Low Voltage [= | 
VT+ - VT- | Reset Input Hysteresis 0.2Vcc 


_ 
VOH Logical One Output Current Voc -0.4 V IOH = -4.0mA for CLK Output 
IOH = -2.5mA for All Others 

Aaa 


VOL Logical Zero Output Voltage lo. = +4.0mA for CLK Output 
lot = +2.5mA for All Others 
Vin= Voc or GND except ASYNC, 


Input Leakage Current -1.0 
X1: (Note 4) 
Iccop | Operating Power Supply Current mA Crystal Frequency = 25MHz 
Outputs Open, Note 5 


NOTES: 
1. F/C is a strap option and should be held either < 0.8V or > 2.2V. Does not apply to X1 or X2 pins. 


2. Due to test equipment limitations related to noise, the actual tested value may differ from that specified, but the specified limit is 
guaranteed. 


3. CSYNC pin is tested with Vj, < 0.8V. 


4. ASYNC pin includes an internal 17.5kQ nominal pull-up resistor. For ASYNC input at GND, ASYNC input leakage current = 300uA 
nominal, X1 - crystal feedback input. 


5. f = 25MHz may be tested using the extrapolated value based on measurements taken at f = 2MHz and f = 10MHz. 


Capacitance Ta, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance ae FREQ = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications Voc = +5V+ 10%, 
Ta = 0°C to +70°C (C82C84A), 
Ta = -40°C to +85°C (182C84<A), 
Ta = -55°C to +125°C (M82C84A) 


(NOTE 1) 
TEST 
SYMBOL PARAMETER a UNITS CONDITIONS 


TIMING REQUIREMENTS 


(1) TEHEL External Frequency HIGH Time a ae 
(2) TELEH External Frequency LOW Time a ae 
(3) 


13 
TELEL EFI Period 36 
XTAL Frequency 
(4) TR2VCL RDY1, RDY2 Active Setup to CLK 
(5) TR1IVCH RDY1, RDY2 Active Setup to CLK 
(6) TRIVCL RDY1, RDY2 Inactive Setup to CLK 
(7) TCLR1X RDY1, RDY2 Hold to CLK 
(8) TAYVCL ASYNC Setup to CLK 
(9) TCLAYX ASYNC Hold to CLK 
(10) TA1VR1V AEN1, AEN2 Setup to RDY1, RDY2 
(11) TCLA1X AEN1, AEN2 Hold to CLK 
12) TYHEH 


CSYNC Setup to EFI 


90%-90% Vin 
10%-10% Vin 


w 
oO 


nN 
p 


Ww 
ao 


ASYNC = HIGH 
ASYNC = LOW 


Ww 
oO 


als 
on 


_—_-~ 


(13) TEHYL CSYNC Hold to EFI 
(14) TYHYL CSYNC Width 2 TELEL 
(15) TIWHCL RES Setup to CLK 


(16) TCLI1H RES Hold to CLK 
TIMING RESPONSES 
(17) TCLCL CLK Cycle Period 125 


(18) TCHCL CLK HIGH Time (1/3 TCLCL) +2.0 
(19) TCLCH CLK LOW Time (2/3 TCLCL) -15.0 
(20) TCH1CH2 CLK Rise or Fall Time 0 1.0V to 3.0V 

(21) TCL2CL1 


(22) TPHPL PCLK HIGH Time 

(23) TPLPH PCLK LOW Time 

(24) TRYLCL Ready Inactive to CLK (See Note 4) 
(25) TRYHCH Ready Active to CLK (See Note 3) 
(26) TCLIL CLK to Reset Delay 

(27) TCLPH CLK to PCLK HIGH Delay 


TCLCL-20 
TCLCL-20 


(2/3 TCLCL) -15.0 


iw) 
Nh 


z 
° 
= 
@® 
> 


(28) TCLPL CLK to PCLK LOW Delay 

(29) TOLCH OSC to CLK HIGH Delay | a 

(30) TOLCL OSC to CLK LOW Delay 
NOTES: 


1. Tested as follows: f = 2.4MHz, Viy = 2.6V, Vi_ = 0.4V, CL = 50pF, Voy 2 1.5V, VoL < 1.5V, unless otherwise specified. RES and F/C must 
switch between 0.4V and Vcc -0.4V. Input rise and fall times driven at 1ns/V. Vi, < Vi, (max) - 0.4V for CSYNC pin. Voc = 4.5V and 5.5V. 


. Tested using EFI or X1 input pin. 

. Setup and hold necessary only to guarantee recognition at next clock. 
. Applies only to T2 states. 

. Applies only to T3 TW states. 

. Tested with EFI input frequency = 4.2MHz. 


oOo fh W NY 
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Timing Waveforms 


NAME W/O -w| (3) |< tELEL tELEH —=((2)/——- /(1)e- tEHEL 
EFI | 
osc 0 7 | 
aoe ae << tCHCL 
CLK oO tea Te < (17) tCLCL > (18) 
—r} j—— tCLPL 
(28) 
PCLK 0 feed a | 
< j<e- tOLCL —=——  tPLPH =—- tPHPL 
= | = (23) (16) (15) 
CSYNC | (12) tCLH — tHtHCL 
é a el 
ee 
z 
ES l (26) 


R 
tCLiL_. adie 
RESET 0 22 | u 


NOTE: All timing measurements are made at 1.5V, unless otherwise noted. 
FIGURE 2. WAVEFORMS FOR CLOCKS AND RESETS SIGNALS 


CLK 


tCLRix—=! (7) 
tRIVCH >| 


RDY1, 2 (5) 


(10) tCLR1X —=| (7) 
tA1VR1V-= —— 


AEN, 2 L011 V / 4 
—»|tAYVCL tCLA1X —>! (11) 
RSYNC i leet 


tCLAYX —=| (9) |= 


READY (2s) - 
—>|tRYHCH '<- (24) tRYLCL —>| |=<— 


FIGURE 3. WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


CLK 


<———r| (7) 
tCLR1X Bea ameaay 


RDY 1,2 (6) 


tA1VRIV—={10 tCLR1X —=| (7) a 


AEN1, 2 VIIAAMLA 


(8)—=|tAYVC tCLA1X >| (11) |< 


ASYNC GILL A LN A pp fp pA 


tCLAYX (9) |< 


READY (25) (24) 
—>| tRYHCH|~— tRYLCL—>| i= 


FIGURE 4. WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 
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Test Load Circuits 


2.25V 
R = 7402 FOR ALL OUTPUTS 
EXCEPT CLK 
OUTPUT FROM 463Q FOR CLK OUTPUT 
DEVICE UNDER TEST 
CL 
(SEE NOTE 3) 


NOTES: 
1. C, =100pF for CLK output. 
2. OC, = 50pF for all outputs except CLK. 
3. Cy, = Includes probe and jig capacitance. 
FIGURE 5. TEST LOAD MEASUREMENT CONDITIONS 


LOAD 
(SEE NOTE 1) 


Vcc 


LOAD 
(SEE NOTE 1) 


24MHz Co 


TRIGGER 
PULSE 
GENERATOR 


GENERATOR 
TRIGGER 


FIGURE 7. TRYLCL, TRYHCH LOAD CIRCUITS 


AC Testing Input, Output Waveform 


INPUT OUTPUT 
Vin + 0.4V Vou 
1.5V 1.5V 
Vit - 0.4V VoL 


NOTE: Input test signals must switch between V;, (maximum) -0.4V and Vj} (minimum) +0.4V. RES and F/C must switch between 0.4V and 
Voc -0.4V. Input rise and fall times driven at 1ns/V. Vi_ < Vi_ (max) -0.4V for CSYNC pin. Vcc -4.5V and 5.5V. 
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Burn-In Circuits 
MD82C84A CERDIP 


Vec 
C1 
a Tt 
FQ 
y R2 Rl 18) R1 
co Ra a Re} Fo 
GND Ri 
F6 W 3 | 16] = OPEN 
F5 4 | 15 F10 
” R2 Ri 
cc = Gg a] ” 
GND R1 R1 
F7 6 | 13] = 
Ri rs 
i R2 2 = GND 
vec Fp | 8 11) v7 F12 
GND R2 ‘: 
cc 
R2 
2 La) GND 
Y, 
MR82C84A CLCC 
Voc Ci 
N 
8 
L> fc ire ms 
siqi <¢ xe nail 
cic ec ec ss re 
O Ww 
Ss - 
a 
© 
fom 
R4 WW 
F5 OPEN 
Vec/2 ne fi _.. FiO 
7 —F4 Ray 
re —H4 Re Fi 
OPEN OPEN 


z rtigciget 
c ec;icic 
\/ 
N n NN 
~ ~ £ o> 
oO Oo Oo 
oO oO oO 
> > > 


NOTES: 


Voc = 5.5V +0.5V, GND = OV. 

Vin = 4.5V 10%. 

Vii = -0.2 to 0.4V. 

R1 = 47kQ, +5%. 

R2 = 10kQ, +5%. 

R3 = 2.2kQ, +5%. 

R4 = 1.2kQ, +5%. 

C1 = 0.01pF (minimum). 

FO = 100kHz +10%. 

Fl = FO, F2=Fi,...F i2=F ve. 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
66.1 x 70.5 x 19 + Imils Type: SiOo 
Thickness: 8kA + 1kA 
METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 1kA 


WORST CASE CURRENT DENSITY 
1.42 x 10° A/cm? 
Metallization Mask Layout 


82C84A 


PCLK CSYNC 


Vec x1 


snp | 
m4 + [+] 
cerouetetee © - 
RDY1 » 


a 


= 
READY 


Se. 
RDY2 : 


eek ti = 


CLK 


GND RESET 
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March 1997 CMOS Static Clock Controller/Generator 
Features Description 
e Generates the System Clock For CMOS or NMOS The Harris 82C85 Static CMOS Clock Controller/Generator 
Microprocessors and Peripherals provides complete control of static CMOS system operating 
¢ Complete Control Over System Operation for Very modes and supports full speed, slow, stop-clock and stop- 
Low System Power oscillator operation. While directly compatible with the Har- 


ris 80C86 and 80C88 16-bit Static CMOS Microprocessor 
Family, the 82C85 can also be used for general system 
clock control. 


- Stop-Oscillator 
- Low Frequency 


eciac puainian For static system desi te signal ided 
; or static system designs, separate signals are provided on 
indi eucia aicuaceia the 82C85 for stop (SO, $1, S2/STOP) and start (START) 
* DC to 25MHz Operation (DC to 8MHz System Clock) control of the crystal oscillator and system clocks. A single 


¢ Generates 50% and 33% Duty Cycle Clocks control line (SLO/FST) determines 82C85 fast (crystal/EFI 
(Synchronized) frequency divided by 3) or slow (crystal/EFl frequency 
Frequency Source mode 80C86 and 80C88 software HALT instruction decode 


: logic in the 82C85 enables software-based clock control. 
* TTL Compatible Inputs/Outputs Restart logic insures valid clock start-up and complete syn- 
24 Lead Slimline Dual-In-Line or 28 Pad Square LCC chronization of system clocks. 


Package Options 
* Single 5V Power Supply The 82C85 is manufactured using the Harris advanced 
Scaled SAJI |V CMOS process. In addition to clock control 
¢ Operating Temperature Range circuitry, the 82C85 also contains a crystal controlled 4 
% CBZ CES asc cec es vewsewecenna ween 0°C to +70°C oscillator (up to 25MHz), clock generation logic, complete o a 
- 182CB5 ... wc cece cee eee eee eee -40°C to +85°C “Ready” synchronization and reset logic. This permits the O WwW 
~ M8B2CB5 ..... cece cc cccecccccce -55°C to +125°C designer to tailor the system power-performance product to = a 
provide optimum performance at low power levels. oc 
Ordering Information us 


[PART NUMBER | PACKAGE | TEMP. RANGE [PKG. NO. 
28 Ld PLOG 
(D82085 
28 Pad CLCC J28.A 


Pinouts 
24 LEAD CERDIP 28 LEAD PLCC, CLCC 
TOP VIEW TOP VIEW 
CSYNC | 1] 24 Vcc 
PCLK | 2| 24 X1 
AENT [3] 124 X2 a 
RDY1 [4] ASYNC Ly 
READY | 5| EFI = 
RDY2 [6] q F/C <3 
AEN2 1@ OSC 31 
CLK [2 17] RES i 
GND | 9} 1@ RESET 5} 
CLK50 [19 iq S2/STOP PCRERCREEE 
START [ii] 4 s1 GER 255 
SLO/FST [2 T4 SO ab 5 2 
” 7) 
Fe | 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2976.1 
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Pin Descriptions 


DIP PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


CRYSTAL CONNECTIONS: X1 and X2 are the crystal oscillator connections. The crystal frequency 
must be 3 times the maximum desired processor clock frequency. X1 is the oscillator circuit input 
and X2 is the output of the oscillator circuit. If the crystal inputs are not used, X1 must be tied to 

Voc or GND, and X2 should be left open. 


EXTERNAL FREQUENCY IN: When F/C is HIGH, CLK is generated from the EFI input signal. This 
input signal should be a square wave with a frequency of three times the maximum desired CLK 

output frequency. If the crystal inputs are not used. XI must be tied to Voc or GND, and X2 should 
be left open. 


FREQUENCY/CRYSTAL SELECT: F/C selects either the crystal oscillator or the EFI input as the 
main frequency source. When F/C is LOW, the 82C85 clocks are derived from the crystal oscillator 
circuit. When F/C is HIGH, CLK is generated from the EFI input. F/C cannot be dynamically 

switched during normal operation. 


A low-to-high transition on START will restart the CLK, CLK50 and PCLK outputs after the appro- 
priate restart sequence is completed. 


When in the crystal mode (F/C LOW) with the oscillator stopped. The oscillator will be restarted 
when a Start command is received. The CLK, CLK50 and PCLK outputs will start after the oscillator 
input signal (X1) reaches the Schmitt trigger input threshold and 8K internal counter reaches termi- 
nal count. If F/C is HIGH (EFI mode), CLK, CLK50 and PCLK will restart within 3 EFI cycles after 
START is recognized. 


The 82C85 will restart in the same mode (SLO/FST) in which it stopped. A high level on START 
disables the STOP mode. 


S2/STOP, S1, SO are used to stop the 82C85 clock outputs (CLK, CLK50, PCLK) and are sampled 
by the rising edge of CLK, CLK50 and PCLK are stopped by S2/STOP, S1, SO being in the LHH 
state on the low-to-high transition of CLK. This LHH state must follow a passive HHH state occurring 
on the previous low-to-high CLK transition. CLK and CLKS50 stop in the high state when F/C is low 
and may stop in either the high or low state when F/C is high. PCLK stops in its current state (high 
or low). 


When in the crystal mode (F/C) low and a STOP command is issued, the 82C85 oscillator will stop along 
with the CLK, CLK50 and PCLK outputs. When in the EFI mode, only the CLK, CLK50 and PCLK out- 
puts will be halted. The oscillator circuit if operational, will continue to run. The oscillator and/or clock is 
restarted by the START input signal going true (HIGH) or the reset input (RES) going low. 


SLO/FST is a level-triggered input. When HIGH, the CLK and CLKS50 outputs run at the maximum 
frequency (crystal or EFI frequency divided by 3). When LOW, CLK and CLK50 frequencies are 
equal to the crystal or EFI frequency divided by 768. SLO/FST changes are internally synchronized 
so proper CLK and CLK50 phase relationships are maintained and minimum pulse width specifica- 
tions are met. START and STOP control of the oscillator or EFI is available in either the SLOW or 
FAST frequency modes. The SLO/FST input must be held LOW for at least 195 OSC/EFI clock cy- 
cles before it will be recognized. This eliminates unwanted frequency changes which could be 
caused by glitches or noise transients. The SLO/FST input must be held HIGH for at least 6 
OSC/EFI clock pulses to guarantee a transition to FAST mode operation. 


PROCESSOR CLOCK: CLK is the clock output used by the 80C86 or 80C88 processor and other 
peripheral devices. When SLO/FST is high, CLK has an output frequency which is equal to the crys- 
tal or EFI input frequency divided by three. When SLO/FST is low, CLK has an output frequency 
which is equal to the crystal or EFI input frequency divided by 768. CLK has a 33% duty cycle. 


50% DUTY CYCLE CLOCK: CLK50 is an auxiliary clock with a 50% duty cycle and is synchronized 
to the falling edge of CLK. When SLO/FST is high, CLK50 has an output frequency which is equal 
to the crystal or EFI input frequency divided by 3. When SLO/FST is low, CLK50 has an output fre- 
quency equal to the crystal or EFI input frequency divided by 768. 


SLO/FST 12 


PERIPHERAL CLOCK: PCLK is a peripheral clock signal whose output frequency is equal to the 
crystal or EFI input frequency divided by 6 and has a 50% duty cycle. PCLK frequency is unaffected 
by the state of the SLO/FST input. 


OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is equal 
to that of the crystal oscillator circuit. OSC is unaffected by the state of the SLO/FST input. 

When the 82C85 is in the crystal mode (F/C low) and a STOP command is issued, the OSC output 
will stop in the HIGH state. When the 82C85 is in the EFI mode (F/C HIGH, the oscillator (if 
operational) will continue to run when a STOP command is issued and OSC remains active. 
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Pin Descriptions (continued) 


DIP PIN 
SYMBOL | NUMBER TYPE DESCRIPTION 


RESET IN: RES is an active LOW signal which is used to generate RESET. The 82C85 provides a 
Schmitt trigger input so that an RC connection can be used to establish the power-up reset of proper 
duration. RES starts crystal oscillator operation. 


RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determined by RES. RESET is guaranteed to be HIGH for a minimum of 
16 CLK pulses after the rising edge of RES. 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple 82C85 and 
82C84A to be synchronized to provide multiple in-phase clock signals When CSYNC is HIGH, the 
internal counters are reset and force CLK, CLK50 and PCLK into a HIGH state. When CSYNC is 

LOW, the internal counters are allowed to count and the CLK, CLK50 and PCLK outputs are active. 
CSYNC must be externally synchronized to EFI. 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus Ready 
Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2. Two AEN signal inputs 
are useful in system configurations which permit the processor to access two Multi-Master System 
Buses. 


BUS READY: (Transfer Complete). RDY is an active HIGH signal which is an indication from a de- 
vice located on the system data bus that data has been received, or is available RDY1 is qualified 
by AEN1 while RDY2 is qualified by AEN2. 


READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is LOW, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 


READY READY: READY is an active HIGH signal which is the synchronized RDY signal input. 
Ground 


Vcc: is the +5V power supply pin. A 0.1mF capacitor between Vcc and GND is recommended. 


Functional Block Diagram 


RES RESET PULSE (16) 
(17) CONDITIONING RESET 


LOGIC 
(1) ; 


SYNC 

—} Loaic 
(12) SPEED SELECT 
DIV 256 OR DIV 1 


RESTART 
LOGIC 


START 
(11) 


CSYNC 


CLK 
; oy r 
(19) > EXTERNAL CLKSO 
an FREQ. 
(20) SELECT PERIPHERAL (2) 
CLOCK A 
0 (DIVIDE BY 6) 
re) 
wa 3 
x1 
OSCILLATOR | | (18) 
(23) J osc 
S2/STOP 
(18) >> 
14 TOP LOGI 
(14) > ore | aay 
(13) 
RDY1 
() SEN (5) 
3) == READY READY 
(7) >AEN2 SELECT SYNC READY 
(6) = Vec (24) 
ASYNG GND (9) 
(21) 
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Functional Description 


The 82C85 Static Clock Controller/Generator provides sim- 
ple and complete control static CMOS system operating 
modes. The 82C85 supports full speed, slow, stop-clock and 
stop-oscillator operation. While it is directly compatible with 
the Harris 80C86 and 80C88 CMOS 16-bit static micropro- 
cessors, the 82C85 can also be used for general purpose 
system clock control. 


The 82C85 pinout is a superset of the 82C84A Clock Gener- 
ator/Driver. 82C85 pins 1-9, 16-24 are compatible with 
82C84A pins 1-9, 10-18 respectively. An 82C84A can be 
placed in the upper 18 pins of an 82C85 socket and it will 
operate correctly (without the ability to control the clock and 
oscillator operation.) This allows dual design for simple sys- 
tem upgrades. The 82C85 will also emulate an 82C84A 
when pins 11-15 on the 82C85 are tied to Vcc. 


For static systems designs, separate signals are provided on 
the 82C85 for stop and start control of the crystal oscillator 
and clock outputs. A single control line determines 82C85 
fast (crystal/EF| frequency divided by 3) or slow (crystal/EFI 
frequency divided by 768) mode operation. The 82C85 also 
contains a crystal controlled oscillator, clock generation 
logic, complete “Ready” synchronization and reset logic. 


Automatic 80C86/88 software HALT instruction decode logic 
is present to ease the design of software-based clock control 
systems and provide complete software control of STOP 
mode operation. Restart logic insures valid clock start-up 
and complete synchronization of CLK, CLK50 and PCLK. 


Static Operating Modes 


In static CMOS system design, there are four basic operat- 
ing modes. The 82C85 Static Clock Controller supports each 
of them. These modes are: FAST, SLOW, STOP-CLOCK 
and STOP-OSCILLATOR. Each has distinct power and per- 
formance characteristics which can be matched to the needs 
of a particular system at a specific time (See Table 1). 


Keep in mind that a single system may require all of these 
operating modes at one time or another during normal opera- 
tion. A design need not be limited to a single operating mode 
or a specific combination of modes. The appropriate operating 
mode can be matched to the power-performance level 
needed at a specific time or in a particular circumstance. 


Reset Logic 


The 82C85 reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset timing. 
The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset 
by utilizing this function of the 82C85. 


When in the crystal oscillator (F/C = LOW) or the EFI (F/C = 
HIGH) mode, a LOW state on the RES input will set the 
RESET output to the HIGH state. It will also restart the oscil- 
anteed to stay in the HIGH state for a minimum of 16 CLK 
cycles after a low-to-high transition of the RES input. 


An oscillator restart count sequence will not be disturbed by 
RESET if this count is already in progress. After the restart 
counter expires, the RESET output will stay HIGH at least for 
16 periods of CLK before going LOW. RESET can be kept high 
beyond this time by a continuing low input on the RES input. 


lf F/C is low (crystal oscillator mode), a low state on RES 
starts the crystal oscillator circuit. The stopped outputs 
remain inactive, until the oscillator signal amplitude reaches 
the X1 Schmitt trigger input threshold voltage and 8192 
cycles of the crystal oscillator output are counted by an inter- 
nal counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK, and OSC) start cleanly with the proper 
phase relationships. 


This 8192 count requirement insures that the CLK, CLK50 
and PCLK outputs will meet minimum clock requirements 
and will not be affected by unstable oscillator characteristics 
which may exist during the oscillator start-up sequence. This 
sequence is also followed when a START command is 
issued while the 82C85 oscillator is stopped. 


Oscillator/Clock Start Control 


Once the oscillator is stopped (or committed to stop) or at power- 
on, the restart sequence is initiated by a HIGH state on START or 
LOW state on RES. If F/C is HIGH, then restart occurs immedi- 
ately after the START or RES input is synchronized internally. 
This insures that stopped outputs (CLK, PCLK, OSC and 
CLKS50) start cleanly with the proper phase relationship. 


lf F/C is low (crystal oscillator mode), a HIGH state on the 
START input or a low state on RES causes the crystal oscil- 
lator to be restarted. The stopped outputs remain stopped, 


TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 


Slow 


OPERATING 
MODE DESCRIPTION POWER LEVEL PERFORMANCE 
Stop-Oscillator | All system clocks and main clock oscillator are Maximum Savings Slowest response due to oscillator 
stopped restart time 
Stop-Clock System CPU and peripherals clocks stop but main Reduced System Fast restart-no oscillator restart time 
clock oscillator continues to run at rated frequency Power 


System CPU clocks are slowed while peripheral clock | Power Dissipation 
and main clock oscillator run at rated frequency 


All clocks and oscillators run at rated frequency Highest Power Fastest response 


Continuous operation at low frequency 


Slightly Higher Than 
Stop-Clock 
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until the oscillator signal amplitude reaches the X1 Schmitt 
trigger input threshold voltage and 8192 cycles of the crystal 
oscillator output are counted by an internal counter. After this 
count is complete, the stopped outputs (CLK, CLK50, PCLK, 
and OSC) start cleanly with the proper phase relationships. 


Typically, any input signal which meets the START input tim- 
ing requirements can be used to start the 82C85. In many 
cases, this would be the INT output from an 82C59A CMOS 
Priority Interrupt Controller (See Figure 1). This output, 
which is active high, can be connected to both the 82C85 
START pin and to the appropriate interrupt request input on 
the microprocessor. 


80C86/88 


INTR 


82C85 
CLK 


82C59A 


INT START SO 
$1 
S2/STOP 


SLO/FST 


PAO PA1 
82C55A 


FIGURE 1. CMOS PERIPHERAL CONTROL OF 82C85 STOP, 
START AND SLOW/FAST OPERATIONS 


When the INT output becomes active, the oscillator/clock cir- 
cuit on the 82C85 will restart. Upon completion of the appro- 
priate restart sequence, the CLK signal to the CPU will 
become active. The CPU can then respond to the still pend- 
ing interrupt request. 


If the 82C59A/82C85 restart combination is used in conjunc- 
tion with an 82C55A STOP control, the 82C55A must be ini- 
tialized prior to the 82C59A after reset. The 82C59A 
interrupt output is driven high at reset, causing the 82C85 to 
remain in the START mode regardless of the state of the 
S$2/STOP input. This will avoid stopping the 82C85 due to 
negative transitions on the S2/STOP input which may occur 
during a mode change on the 82C55A or during the opera- 
tion of any peripheral I/O device prior to initialization. 


Another method of insuring proper operation of the START 
function upon reset or system initialization is to bias the 
S2/STOP input low with an external pull-down resistor. The 
S2/STOP input will remain low until driven high by the 
82C55A port pin or by external logic. This insures that the 
82C85 STOP command (HHH prior to LHH requirement on 
the status inputs) will not be satisfied. To minimize power 
dissipation in this case (using a pulldown resistor), the 
S2/STOP input should be normally LOW and pulsed HIGH to 
develop the necessary HHH-to-LHH STOP sequence. In this 
manner, the output driving the S2/STOP input will be nor- 
mally LOW and will not be driving to the opposite state of the 
pull-down resistor. 


Fast Mode 


The most common operating mode for a system is the FAST 
mode. In this mode, the 82C85 operates at the maximum fre- 
quency determined by the main oscillator or EFI frequency. 


TABLE 2. TYPICAL SYSTEM POWER SUPPLY CURRENT FOR STATIC CMOS OPERATING MODES 


82C85 

80C88 

82C82 

82C86 

82C88 

82C52 

82C54 

82C55A 
82C59A 
74HCXX + other 


Po FAST SLOW STOP-CLOCK STOP-OSC 
XTAL Frequency 15MHz 15MHz 15MHz 


HM-6616 52.5mA 12.0mA 12.0mA 
66.8MA 18.9mA 14.3mA 244.7MA 


All measurements taken at room temperature, Vcc = +5.0V. Power supply current levels will be dependent upon system configuration and 
frequency of operation. 
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FAST mode operation is enabled by each of two conditions: 


¢ The SLO/FST input is HIGH and a START or reset 
command is issued 


¢ The SLO/FST input is held HIGH for at least 6 oscillator or 
EFI cycles. 


Alternate Operating Modes 


Using alternate modes of operation (slow, stop-clock, stop- 
oscillator) will reduce the average system operating power 
dissipation in a static CMOS system (See Table 2). This 
does not mean that system speed or throughput must be 
reduced. When used appropriately, the slow, stopclock, stop- 
oscillator modes can make your design more power efficient 
while maintaining maximum system performance. 


Stop-Oscillator Mode 


When the 82C85 is stopped while in the crystal mode (F/C 
LOW), the oscillator, in addition to all system clock signals 
(CLK, CLK50 and PCLK), are stopped. CLK and CLK50 stop 
in the high state. PCLK stops in it’s current state (high or low). 


With the oscillator stopped, 82C85 power drops to it’s lowest 
level. All clocks and oscillators are stopped. All devices in 
the system which are driven by the 82C85 go into the lowest 
power standby mode. The 82C85 also goes into standby and 
requires a power supply current of less than 100A. 


Stop-Clock Mode 


When the 82C85 is in the EFI mode (F/C HIGH) and a STOP 
command is issued, all system clock signals (CLK, CLK50, 
and PCLK) are stopped. CLK and CLKS5O0 stop in the high 
state when F/C is low and may stop in either the high or low 
state when F/C is high. PCLK stops in its current state (high 
or low). 


The 82C85 can also provide it’s own EFI source simply by 
connecting the OSC output to the EFI input and pulling the 
F/C input HIGH. This puts the 82C85 into the External Fre- 
quency Mode using it’s own oscillator as an external source 
signal (See Figure 2). In this configuration, when the 82C85 
is stopped in the EFI mode, the oscillator continues to run. 
Only the clocks to the CPU and peripherals (CLK, CLK50 
and PCLK) are stopped. 


START 


STOP 
CONTROL CONTROL 


FIGURE 2. STOP-CLOCK MODE USING 82C85 IN EFI MODE 
WITH OSCILLATOR AS FREQUENCY SOURCE 


Oscillator/Clock Stop Operation 


Three control lines determine when the 82C85 clock outputs 
or oscillator will stop. These are SO, S1 and S2/STOP. These 
three lines are designed to connect directly to the MAXimum 
mode 80C86 and 80C88 status lines or to be driven by exter- 
nal I/O signals (such as an 82C55A output port). 


In the MAXimum mode configuration, the 82C85 will auto- 
matically recognize a software HALT command from the 
80C86 or 80C88 and stop the system clocks or oscillator. 
This allows complete software control of the STOP function. 


If the 80C86 or 80C88 is used in the MINimum mode, the 
82C85 can be controlled using the S2/STOP input (with SO 
and S1 held high). This can be done using an external I/O 
control line, such as from an 82C55A or by decoding the 
state of the 80C86 MINimum mode status signals. 


82C85 status inputs S2/STOP, S1, SO are sampled on the 
rising edge of CLK. The oscillator (F/C LOW only) and clock 
outputs are stopped by S2/STOP, S1, SO being in the LHH 
state on a low-to-high transition of CLK. This LHH state must 
follow a passive HHH state occurring on the previous low-to- 
high CLK transition. CLK and CLK50 will stop in the logic 
HIGH state after two additional complete cycles of CIK. 
PCLK stops in it’s current state (HIGH or LOW). This is true 
for both SLOW and FAST mode operation. 


80C86/88 Maximum Mode Clock Control 


The 82C85 STOP function has been optimized for 80C86/88 
MAXimum mode operation. In this mode, the three 82C85 sta- 
tus inputs (S2/STOP, S1, SO) are connected directly to the 
MAXimum mode status lines (S2, S1, SO) of the Harris 80C86 
or 80C88 static CMOS microprocessors (See Figure 3). 


When in the MAXimum mode, the 80C86/88 status lines 
identify which type of bus cycle the CPU is starting to exe- 
cute. 82C85 S2/STOP, S1 and SO control input logic will rec- 
ognize a valid MAXimum mode software HALT executed by 
the 80C86 or 80C88. Once this state has been recognized, 
the 82C85 stops the clock (F/C HIGH) and oscillator (F/C 
LOW) operation. 


80C86/88 82C85 


FIGURE 3. 82C85 STOP CONTROL USING 80C86/88 
MAXIMUM MODE STATUS LINES 
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The 82C85 S2/STOP, S1 and SO control lines were designed 
to detect a passive 111 state followed by a HALT 011 logic 
state before recognizing the HALT instruction and stopping 
the system clocks. In the MAXimum mode, the 80C86/88 
status lines go into a passive (no bus cycle) logic 111 state 
prior to executing a HALT instruction. The qualification of a 
passive no bus cycle logic 111 state insures that random 
transitions of the status lines into a logic 011 state will not 
stop the system clock. This is necessary since the status 
lines of the 80C86/88 transition through an unknown state 
during T3 of the bus cycle. 


Once the HALT instruction is decoded by the 82C85, either 
the oscillator is stopped (STOP-OSCILLATOR mode F/C tied 
low) or the external frequency source is gated off internally 
(STOP-CLOCK mode F/C HIGH). When the HALT instruc- 
tion is decoded with F/C low, the CLK and CLKS50 will be 
stopped in a logic high state after 2 additional cycles of the 
clock. PCLK stops in it’s current state (high or low). This is 
true for both SLOW and FAST mode operation. The HALT 
instruction is detected in the same manner whether the 
82C85 is in the SLOW or FAST mode. 


Independent Stop Control for Minimum Mode Operation 


When the 80C86 and 80C88 microprocessors are config- 
ured in MINimum Mode (MN/MX pin tied high), their status 
lines SO, S1, and S2 assume alternate functions. The logic 
states and sequences (passive before a HALT) necessary 
for automatic HALT detect in the 82C85 do not occur as in 
the MAXimum mode. The 82C85 controller cannot use the 
microprocessor status lines to detect a software Halt instruc- 
tion when operating in MINimum mode. 


However, the negative edge-activated S2/STOP pin provides 
a simple means for clock control in MINimum mode 80C86 
and 80C88 systems. S2/STOP can be used as an indepen- 
dent STOP control when S1 and SO are held in the logical 
HIGH state. Keeping the SO and S1 inputs at a logic 1 level 
and transitioning S2/STOP from high to low will meet the 
passive 111 state prior to a 011 state requirement of the 
82C85. This feature allows 82C85 operation with the 80C86 
and 80C88 in the MINimum mode, provides compatibility 
with other static CMOS microprocessors and allows maxi- 
mum flexibility in a system. 


With S2/STOP being used as a stand-alone STOP com- 
mand line, system clocks can be controlled via an 82C55A 
programmable peripheral interface or other similar interface 
circuits. This is accomplished by driving the S2/STOP input 
with a PORT pin on the 82C55A (See Figure 1). The 
82C55A port pin should be configured as an output and 
must present a logic HIGH to the S2/STOP input for at least 
one CLK cycle, followed by a LOW state. This will meet the 
82C85 status input requirement of 111 followed by a 011. 


When a logic 0 is written to a 82C55A port pin, the S2/ STOP 
pin is pulled low, stopping the system clocks (CLK, CLK50, 
PCLK). In essence, the 82C85 is software controlled via the 
82C55A. As with the SLO/FST interface, PORT C is a logical 
choice for this job since the individual bit set and reset com- 
mands available for this port make control of the S2/STOP 
input simple. 


A START command issued to the 82C85 will override a 
STOP command and the 82C85 will begin normal operation. 
The low state of the negative-edge triggered S2/STOP input 
will not prohibit the clocks from restarting. After a START or 
RES command, the 82C85 must see a passive (111) state 
followed by a HALT (011) state to stop the system clocks. To 
accomplish this, the 82C55A port output must be brought 
high and then returned low again for the 82C85 to recognize 
the next STOP command. 


External Decode Adds Halt Control 


SSO, IO/M and DT/R can identify a MINimum mode 80C88 
HALT execution. During T2 of the system timing (while ALE 
is high), SSO, 1O/M, and DT/R go into a 111 state when the 
80C88 is executing a software HALT. These signals cannot 
be tied directly to the S2/STOP, S1 and SO inputs since they 
are not guaranteed to go into a passive state prior to their 
111 state. These signals can be decoded during the time 
ALE is high to indicate a software HALT execution. 


Slow Mode 


When continuous operation is critical but power consumption 
remains a concern, the 82C85 SLOW mode operation pro- 
vides a lower frequency at the CLK and CLK50 outputs 
(crystal/EF| frequency divided by 768). The frequency of 
PCLK is unaffected. The SLOW mode allows the CPU and 
the system to operate at a reduced rate which, in turn, 
reduces system power. 


For example, the operating power for the 80C86 or 80C88 
CPU is 10mA/MHz of clock frequency. When the SLOW 
mode is used in a typical 5MHz system, CLK and CLK50 run 
at approximately 20kHz. At this reduced frequency, the aver- 
age operating current of the CPU drops to 200uA. Adding 
the 80C86/88 500A standby current brings the total current 
to 7OOLA. 


While the CPU and peripherals run slower and the 82C85 
CLK and CLK50 outputs switch at a reduced frequency, the 
main 82C85 oscillator is still running at the maximum fre- 
quency (determined by the crystal or EFI input frequency.) 
Since CMOS power is directly related to operating fre- 
quency, 82C85 power supply current will typically be 
reduced by 15-20%. 


Clock Slow/Fast Operation 


The SLO/FST input determines whether the CLK and CLK50 
outputs run at full speed (crystal or EFI frequency divided by 
3) or at slow speed (crystal or EFI frequency divided by 768) 
(See Figure 4). When in the SLOW mode, 82C85 stop-clock 
and stop-oscillator functions operate in the same manner as 
in the FAST mode. 


Internal logic requires that the SLO/FST pin be held low for 
at least 195 oscillator or EFI clock pulses before the SLOW 
mode command is recognized. This requirement eliminates 
unwanted FAST-to-SLOW mode frequency changes which 
could be caused by glitches or noise spikes. 


To guarantee FAST mode recognition, the SLO/FST pin 
must be held high for at least 6 OSC or EFI pulses. The 
82C85 will begin FAST mode operation on the next PCLK 
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edge after FAST command recognition. Proper CLK and 
CLK 50 phase relationships are maintained and minimum 
pulse width specifications are met. 


FAST-to-SLOW or SLOW-to-FAST mode changes will occur 
on the next rising or falling edge of PCLK. It is important to 
remember that the transition time for operating frequency 
changes, which are dependent upon PCLK, will vary with the 
82C85 oscillator or EFI frequency. 


Slow Mode Control 


The 82C55A programmable peripheral interface can be used 
to provide control of the SLO/FST pin by connecting a port 
pin of the 82C55A directly to the SLO/FST pin (See Figure 
1). With the port pin configured as an output, software con- 
trol of the SLO/FST pin is provided by simply writing a logical 
one (FAST mode) or logical zero (SLOW Mode) to the corre- 
sponding port. PORT C is well-suited for this function due to 
it's bit set and reset capabilities. Since PCLK continues to 
run at a frequency equal to the oscillator or EFI frequency 
divided by 6, it can be used by other devices in the system 
which need a fixed high frequency clock. For example, PCLK 
could be used to clock an 82C54 programmable interval 
timer to produce a real-time clock for the system or as a 
baud rate generator to maintain serial data communications 
during SLOW mode operation. 


Oscillator 


The oscillator circuit of the 82C85 is designed primarily for 
use with an external parallel resonant, fundamental mode 
crystal from which the basic operating frequency is derived. 
The crystal frequency should be selected at three times the 
required CPU clock. X1 and X2 are the two crystal input con- 
nections. The output of the oscillator is buffered and avail- 
able at the OSC output (pin 18) for generation of other 
system timing signals. 


For the most stable operation of the oscillator (OSC) output 
circuit, two capacitors (C1 = C2) are recommended. Capaci- 
tors C1 and C2 are chosen such that their combined capaci- 
tance matches the load capacitance as specified by the 
crystal manufacturer. This insures operation within the fre- 
quency tolerance specified by the crystal manufacturer. 


The crystal/capacitor configuration and the formula used to 
determine the capacitor values are shown in Figure 4. Crys- 
tal Specifications are shown in Table 3. 


CT = nse (Including Stray Capacitance) (EQ. 1) 
CRYSTAL silos 
2.4-25MHz = = 


FIGURE 4. 82C85 CRYSTAL CONNECTION 


TABLE 3. CRYSTAL SPECIFICATIONS 


2.4 to 25MHz 


Parallel Resonant, Fund. Mode 
20 or 32pF 


35X (f = 25MHz, C, = 32pF) 
66X (f = 25MHz, Cy, = 20pF) 


RSERIES (Max) 


Frequency Source Selection 


The F/C input is a strapping pin that selects either the crystal 
oscillator or the EFI input as the source frequency for clock 
generation. If the EFI input is selected as the source, the 
oscillator section (OSC output) can be used independently 
for another clock source. If a crystal is not used, then crystal 
input X1 (pin 23) must be tied to Voc or GND and X2 (pin 
22) should be left open. If the EFI mode is not used, then EFI 
(pin 20) should be tied to Voc or GND. 


oR LLLLLLLLLLLILLLLLLLLLLLLLLLALLLALAL LALLA ALAA 


CLK 


CLKS50 


JUL 


FIGURE 5. SLO/FST TIMING OVERVIEW 
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Clock Generator 


The clock generator consists of two synchronous divide-by- 
three counters with special clear inputs that inhibit the count- 
ing. One counter generates a 33% duty cycle waveform 
(CLK) and the other generates a 50% duty cycle waveform 
(CLK50). These two counters are negative-edge synchro- 
nized, with the low-going transitions of both waveforms 
occurring on the same oscillator transition. The CLK and 
CLK50 output frequencies are one-third of the base input 
frequency when SLO/FST is high and are equal to the base 
input frequency divided by 768 when SLO/FST is low. 


The CLK output is a 33% duty cycle clock signal designed to 
drive the 80C86 and 80C88 microprocessors directly. CLK50 
has a 50% duty cycle output synchronous with CLK, 
designed to drive co-processors and peripherals requiring a 
50% duty cycle clock. When SLO/FST is high, CLK and 
CLK50 have output frequencies which are 1/3 that of EFI/ 
OSC. When SLO/FST is low, CLK and CLK50 have output 
frequencies which are OSC (EFI) divided by 768. 


PCLK is a peripheral clock signal with an output frequency 
equal to the oscillator or EFI frequency divided by 6. PCLK 
has a 50% duty cycle. PCLK is unaffected by SLO/FST. 
When the 82C85 is placed in the STOP mode, PCLK will 
remain in it’s current state (logic high or logic low) until a 
RESET or START command restarts the 82C85 clock cir- 
cuitry. PCLK is negative-edge synchronized with CLK and 
CLK5O0. 


Clock Synchronization 


The clock synchronization (CSYNC) input allows the output 
clocks to be synchronized with an external event (such as 
another 82C85 or 82C84A clock signal). CSYNC going 
active causes all clocks (CLK, CLK50 and PCLK) to stop in 
the HIGH state. 


It is necessary to synchronize the CSYNC input to the EFI 
clock external to the 82C85. This is accomplished with two 
flip-flops when synchronizing two 82C85s and with three flip- 
flops when synchronizing an 82C85 to an 82C84A (See Fig- 
ure 6). Multiple external flip-flops are necessary to minimize 
the occurrence of metastable (or indeterminate) states. 


Ready Synchronization 


Two READY inputs (RDY1, RDY2) are provided to accommo- 
date two system busses. Each READY input is qualified by 
(AEN1 and AEN2, respectively). The AEN signals validate 
their respective RDY signals. 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the RDY 
set up and hold times are met. Inactive-going edges of RDY 
in normally ready systems do not require synchronization 
but must satisfy RDY setup and hold as a matter of proper 
system design. 


The ASYNC input defines two modes of READY synchroni- 
zation operation. When ASYNC is LOW, two stages of syn- 
chronization are provided for active READY input signals. 
Positive-going asynchronous READY inputs will first be syn- 
chronized to flip-flop one at the rising edge of CLK (requiring 
a setup time TR1VCH) and then synchronized to flip-flop two 
at the next falling edge of CLK, after which time the READY 
output will go HIGH. 


Negative-going asynchronous READY inputs will be syn- 
chronized directly to flip-flop two at the falling edge of CLK, 
after which time the READY output will go inactive. This 
mode of operation is intended for use by asynchronous (nor- 
mally not ready) devices in the system which cannot be 
guaranteed by design to meet the required RDY setup timing 
(TR1VCL) on each bus cycle. 


When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. READY 
inputs are synchronized by flip-flop two on the falling edge of 
CLK before they are presented to the processor. This mode 
is available for synchronous devices that can be guaranteed 
to meet the required RDY setup time. ASYNC can be 
changed on every bus cycle to select the appropriate mode 
of synchronization for each device in the system. 


CSYNC WITH 82C85(s) 


(TO OTHER 
82C85s) 


CSYNC 


82C84A 


FIGURE 6. 82C85 AND 82C84A CSYNC SYNCHRONIZATION 
METHODS 
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Absolute Maximum Ratings Thermal Information 
BUDD VOUAGG wien v4 ce Ki news 6 ker eeere x eiaedinandens +8.0V Thermal Resistance (Typical) Oya (CCIW) 8yc (PCW) 
Input, Output or I/O Voltage ........... GND -0.5V to Voc +0.5V CERDIP Package ...............-% 70 16 
ESL) CIGSSIICAION 6 sccc swe eisnnns ou nee st baw re we de Class 1 CCC Package ............0..0005. 75 18 
PLOC PaChage ci concacvesaniveves 65 N/A 
Operating Conditions Storage Temperature Range...............005 -65°C to +150°C 
Operating Voltage Range................0000. +4.5V to +5.5V Maximum Junction Temperature Ceramic Package ....... +175°C 
Operating Temperature Range Maximum Junction Temperature Plastic Package......... +150°C 
ee sa mcdboneendeanceneabetr, s4aee 0°C to +70°C (Soldering 10s) 
IB2CB5 . wo ccc cece cece een ees -40°C to +85°C Maximum Lead Temperature (Soldering 10s)............ +300°C 
DES aa ea tamnctar ied pseasieensi eaten -55°C to +125°C (PLCC - Lead Tips Only) 


Die Characteristics 
Sate COUN on vrdoka de wek ed eees ce heer a bee werSes 500 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vcc =5.0V 10%; Ta = 0°C to +70°C (C82C85); 
Ta = -40°C to +85°C (182C85); 
Ta = -55°C to +125°C (M82C85) 


SYMBOL PARAMETER | MIN: |) MAX | UNITS TEST CONDITIONS 


VIH Logical One Input Voltage 2.0 V C82C85, I82C85 
2.2 V M82C85 


Logical Zero Input Voltage a 


iL. 
Logical One Output Voltage Voc-0.4 
Logical Zero Output Voltage a 
ae 


IBHH Bus-hold High Leakage Current 


ICCSB Standby Power Supply Current 


ICCOP Operating Power Supply Current 


ICCSLOW 


NOTE: 
1. For CSYNC, Vi, = GND 


loH = -5.0 mA (CLK, CLK50) 
lon = -1.0mA (X2) 
IOH = -2.5mA (all other outputs) 


0.4 V lot = +2.5mA (X2) 
lot = +5.0mA (all other outputs) 


yA Vin = Vcc or GND, except DIP 
Pins 11 - 15, 21, 23 


50 mA Crystal Frequency = 15MHz, outputs 

open, inputs = GND or Vcc 
70 mA Crystal Frequency = 25MHz, outputs 
open, inputs = GND or Vcc 


mA Crystal Outputs Open; SLO/FST = GND, 
START = Vcc, Other inputs - Vij = 
Voc or GND 


Slow Mode Operating Current 
Freq = 15MHz 


mA Crystal 
Freq = 25MHz 


Capacitance Ty, = 25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance FREQ = 1MHz, all measurements are referenced to device 
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AC Electrical Specifications = Vo¢o = 5V +10%;Ta = 0°C to +70°C (C82C85); 
Ta = -40°C to +85°C (182C85); 
Ta = -55°C to +125°C (M82C85) 


LIMITS 
SYMBOL PARAMETER MIN [MAX UNITS CONDITIONS 


TIMING REQUIREMENTS 


(1} TEHEL External Frequency HIGH Time 15 90%-90% Vin, Note 1, 
f = 25MHz 

(2)  TELEH External Frequency LOW Time 15 10%-10% Vin, Note 1, 
f = 25MHz 

3) 


( TELEL EFI or Crystal Period Note 1 


w 
on 


eb nh 
c) .s 


(4) TEFIDC External Frequency Input Duty Cycle % f = 25MHz, Note 1 
(Ss) ix Crystal Frequency MHz 

(6) TRIVCL RDY1, RDY2 Active Setup to CLK ASYNC = HIGH 
(7) TRIVCH RDY1, RDY2 Active Setup to CLK 35 ASYNC = LOW 


(8) TRIVCL RDY1, RDY2 Inactive Setup to CLK 


w 
oi 


(9) TCLR1X RDY1, RDY2 Hold to CLK 


é 


(23) TSTART RES or START Valid to CLK Low 2TELEL + 2 


(24) TSTOP STOP Command Valid to CLK High 2TCHCH + 
TRSVCH 


3TCHCH 
+ 34 


TCHCH = TCLCL 


TIMING RESPONSES 


(25) TCLCL CLK/CLK50 Cycle Period 125 


= 
oO 
oO 


as 
a 
(10) TAYVCL | ASYNC Setup to CLK ee a 
(11) TCLAYX | ASYNC Hold to CLK as " a 
(12) TAIVR1V. | AENT, AEN2 Setup to RDY1, RDY2 15 ae : = 
(14) TYHEH CSYNC Setup to EFI aa 
CSYNC Hold to EFI aa 
CSYNC Pulse Width 2TELEL i 
—— 
=e 
RES, START Setup to CLK 65 pNote2 
(22) TSFPC SLO/FST Setup to PCLK TEHEL + 100 
na 
ss ) 
a 


(26) TCHCL CLK HIGH Time (1/3 TCLCL)+2 
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82C85 


AC Electrical Specifications = Voc = 5V +10%;T, = 0°C to +70°C (C82C85); 
Ta = -40°C to +85°C (182C85); 
Ta = -55°C to +125°C (M82C85) (Continued) 


LIMITS 
SYMBOL PARAMETER | MIN | MAX UNITS CONDITIONS 


ED 
fe weer [exonormm —fevacorat [= | 
a 


) 
32) TPHPL PCLK HIGH Time TCLCL-20 
) TPLPH PCLK LOW Time TCLCL-20 
) 


35) TRYHCH Ready Active to CLK 2/3(TCLCL)-15 
Typ. - Note 8 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


re 
ol 


=i 
ine) 


(43) TCLCSOL | CLK LOW to CLK50 LOW Skew ae 


NOTES: 

. Slow and Fast Modes. 

. Setup and hold necessary only to guarantee recognition at next clock. 

. Applies only to T3, TW states. 

. Applies only to T2 states. 

. All timing delays are measured at 1.5V unless otherwise noted. 

. Input signals must switch between V;, max - 0.4 and Vi min + 0.4 volts 
. Timing measurements made with EFI duty cycle = 50%. 


DaON Oat WOM — 


. Oscillator start up time depends on several factors including crystal frequency, crystal manufacturer, capacitive load, temperature, power 
supply voltage, etc. This parameter is given for information only. 


9. Output signals switch between Voy and Vo, unless otherwise specified. 
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82C85 


Timing Waveforms 


TELEL 
EFI! ___/ \y 
(1) TELEH 
TEHEL (2) 


cco a 7 
1 1 
! 1 
t 1 
(28) 
—— ~ : T5CHCL lo (29) 7 
, I (37) T5CLCH 1 
, TCLPH TCLPL 
PCLK 0 ——pn? (38) . 
1 Pf 
1 (15) . TPHPL TPLPH 
ITEHYL (14) (32) (33) 
; TYLEH 
CSYNC I 
c * (16) 
TYHVL CLK AND CLK50 


3.5V 


1.0V 
(30) TCH1CH2 TCL2CL1 (31) 


FIGURE 7. WAVEFORMS FOR CLOCKS 


NOTE: All Timing Measurements are made at 1.5V, Unless Otherwise Noted. I 
$f 
5 & 
rr 
CLR1X 
(7) TRIVCH —_ 
RDY1.2 
cay TANRY =n 
AENT.2 
WLLLLLL dA 
| ATCLAIK-ef | TCLA1X 
rye TA Vel 
~ ALZZZZZZIIAE 
(11) TCLAYX 
READY (35) 
TRYHCH (34) TRYLCL 


FIGURE 8. WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 
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82C85 


Timing Waveforms (Continued) 
CLK (9) 
TOLRIX rn 
oe ia 
TCLR1X 
(12) TAIVRIV an 


Bis ™_ TCLA1X > (13) 


ASYNG WALL LLL LALA ALLL Lhd bd 
TCLAYX (11) 
READY (35) 
TRYHCH (34) 
TRYLCL 


FIGURE 9. WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


EFI 
CLK 
-— ey) — (SEE NOTE) 
CLK50 
PCLK | 
so (fA KS AS ALA LALLA LA LALALAALA LALA LALA L 
(18) Mi mec TCHSX (19) 


LLL LL ALLL SALSA LLL LLL LLL LLL LLL 


TCHSX (19) 
SQSTOP 2777 Wl AZZ 7727777277777 


| eae 


>|  }e TRSVCH (20) 


START 


FIGURE 10. CLOCK STOP (F/C HIGH OR F/C LOW) 
NOTE: When F/C is low, CLK and CLK50 stop high. When F/C is high, CLK and CLK50 may stop either high or low. 
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82C85 


Timing Waveforms (Continued) 


(23) TSTART =| 
PCLK am 


So TIL a a a a a a a a a a a a a a a a a 
$1 TRB B BABB aaa AMNA Baa aaa aaa aaa aaa aaa aaa aaa mws 


SYSTOP B77 77777777277)222242242422422422424444444AAL AAA AA hh 


FIGURE 11. CLOCKS START (F/C HIGH) 


ae (21) | TSHSL 
START a ee 


 ———_+ 
: MHL LLL 


CRYSTAL 
osenr oR >t 8192 CYCLES 7 


PERIPHERALS 


STARTUP TIME 


CLK50 \ / \ / \ / \ / \ / 
PCLK \ / \ f \ 


FIGURE 12. CLOCK START (F/C LOW) 
NOTE: Start up count begins when the crystal oscillator reaches a suitable threshold level. 
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82C85 


Timing Waveforms (Continued) 


Geseemamennsntatan ss 2) 
RES —/\ [= (21) TSHSL : : ] 
4 Porreramasinst, Seer Ne 
U7 - —+| (17) — (17) 
{a7 TIHCL 


CLK 


\ 


FIGURE 13. RESET TIMING (CLK RUNNING WITH F/C LOW-OSC MODE) 
(CLK RUNNING-OR STOPPED WITH F/C HIGH EFI MODE) 


RES 
“ (21) TSHSL 
‘i 
CLK | 
| 36 
refh | - 
inet ——>| 
CT ETUR 
NAME 8192 
“| “CYCLES 


(39) 
=— 70st -—* 


FIGURE 14. RESET TIMING (OSCILLATOR STOPPED, F/C LOW) 


NOTE: CLK, CLK50, PCLK Remain in the High State until RES goes high and 8192 valid oscillator cycles have been registered by the 82C85 
internal counter (TOST time period). After RES goes high and CLK, CLK50, PCLK become active, the RESET output will remain high 
for minimum of 16 CLK cycles (TRST). 


sLorst Ls» | 
exkso TULL SSCL 


FIGURE 15. SLO/FST TIMING OVERVIEW 
NOTE: See Fast to Slow Clock Mode Transition for Detailed Timing; See Slow to Fast Clock Mode Transition for Detailed Timing 
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82C85 


Timing Waveforms (continued) 


197 TO 200 EFI 
EFI OR OSC CYCLES 


08 TUTTE ee 


yt | 
| = ty 
(SEE NOTE) 


SLO/FST pases gee pore 


FIGURE 16. FAST TO SLOW CLOCK MODE TRANSITION 
NOTE: IF TSFPC is not met on one edge of PLCK. SLO/FST will be recognized on the next edge of PLCK. 


om JUPUALTUTLTLLLIL 32 urea 


TSFPC ite 
(SEE re) | inal beanie NOTE) 


6 ce 
oe 


CMOS 
PERIPHERALS 


SLO/FST 


FIGURE 17. SLOW TO FAST CLOCK MODE TRANSITION 
NOTE: IF TSFPC is not met on one edge of PLCK. SLO/FST will be recognized on the next edge of PLCK. 
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82C85 


Test Load Circuits 
PASSIVE LOAD 
V 
R 
FROM OUTPUT 
UNDER TEST 


CL 


| SEE NOTE 3 


R = 360 at V = 2.25 for CLK and CLK50 outputs 
R = 470 at V = 2.87 for all other outputs (Except X2) 
NOTES: 


1. Cy = 100pF for CLK and CLKS5O output 
2. Cy = SOpF minimum for all other outputs 
3. C. = Includes probe and jig capacitance 


TCHCL, TCLCH LOAD CIRCUIT (USING X1, X2) 


LOAD 
(SEE NOTE 1) 


LOAD 
(SEE NOTE 1) 


TRYLCL, TRYHCH LOAD CIRCUIT (USING X1, X2) 


Vec 


PULSE 
GENERATOR 
TRIGGER 


DYNAMIC LOAD 
V 
R 
FROM OUTPUT 
UNDER TEST 


CL 
J SEE NOTE 3 


lo = 5mA, IOH = -5mA for CLK and CLKS5O outputs 

lo = 5mA, IOH = -2.5mA for all other outputs (Except X2) 

lo. = 2.5mA, IOH = -1.0mA for X2 output (DC Performance 
characteristic only) 


TCHCL, TCLCH LOAD CIRCUIT (USING EFI) 


PULSE 
GENERATOR 


Vcc 


TRIGGER 
PULSE 
GENERATOR 


A.C. Testing Input, Output Waveform 


INPUT 
Vin + 0.4V 


1.5V 


Vit + 0.4V 


OUTPUT 
Vou 

1.5V 
Voi 
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Burn-In Circuits 


MD82C85 CERDIP 
Vec 
R, C1 
GND 4] 24 
A ey | 23) = Vec V 
GND e 22] NC 
Ro R2 
Vec 4) 21) =— Voc 
NC 5] 20 3 Fo 
R2 R2 V 
Vec 6 19 Vec aa Vee 
GND 18 A Ry R 
r Le fa A 8 
GND q) 16 NC 
A ~ 10 115 Vec 
Voc — 14) 14 = Vec 
Ro R2 
Vec | 12 13 Vec EACH INPUT EACH 
NC-NO CONNECT BOARD 
MR82C85 CLCC 
BOTTOM VIEW 
Voc 


GND A GND NC | Vcc NC 


~” 
od 
Ra R2 < 
o 
: 
R2 
Voc NC i 
Ro ce 
— Vec o 
Ro R3 
Vcc FO 
A 
GND E Vee 
A A 
GND B 
NC NC 


NOTES: 

. Voc = 5.5V +0.5V, GND = OV 
. Vip = 4.5V 410% 

. Vit = -0.2 to 0.4V 

. Ry = 100kQ, +5% 

. Ro = 10kQ, +5% 

. Rg = 47kQ, +5% 

. Rg = 470kQ, +5% 

. C1 =0.01pF (minimum) 

. FO = 100kHz +10% 


—s 


O ON Oo & W NM 
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Die Characteristics 


DIE DIMENSIONS: 
107.9 x 122.0 x 19 + 1mil 


METALLIZATION: 
Type: Si - AL 
Thickness: 11kA + 1kA 


Metallization Mask Layout 


RDY1 


gibel LR 


Ta 
i 


5 


CLK 


SRE 
eee 
o______ 


I 
i 


GND 


CLK50 START 


———= Ie 
= lan ; 
it E | 4 ~ 


ny 
ne Sass 
wbsbee se es 
ee 2 
Tee — or 
ay i. 
lah Jey osc. 


82C85 


GLASSIVATION: 
Type: SiOo 
Thickness: 8kA + 1kA 


WORST CASE CURRENT DENSITY: 
2.26x 10° A/cm 
This device meets glassivation integrity test requirements 
per MIL-STD-883 Method 2021 


82C85 


CSYNC Vcc x1 X2 


q 
oO 
” 
OQ 


ae me 


+a 


i 
its 
an 
n 


‘it 


! 
‘ 
2= 
we 
Po 
cad 
a= 
te 
< 


mh 


uy 


ep) dl 
HbA 
tiled! 


: 7 , 


RESET 


SLO/FST so. SI S2/STOP 
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@ HARMS 82C86H 


March 1997 CMOS Octal Bus Transceiver 


Features 
Full Eight Bit Bi-Directional Bus Interface 
industry Standard 8286 Compatible Pinout 


High Drive Capability 
- B Side Io, 
- A Side lo 


Three-State Outputs 
Propagation Delay 


Gated Inputs 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 


Single 5V Power Supply 
Low Power Operation 


Operating Temperature Range 
- C82C86H 
- 182C86H 
- M82C86H 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


4-317 
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Description 


The Harris 82C86H is a high performance CMOS Octal Trans- 
ceiver manufactured using a self-aligned silicon gate CMOS 
process (Scaled SAuJI IV). The 82C86H provides a full eight- 
bit bi-directional bus interface in a 20 lead package. The 
Transmit (T) control determines the data direction. The active 
low output enable (OE) permits simple interface to the 80C 86, 
80C88 and other microprocessors. The 82C86H has gated 
inputs, eliminating the need for pull-up/pull-down resistors and 
reducing overall system operating power dissipation. 


Ordering Information 


PART NUMBER 
TEMP. RANGE . 


CP82C86H-5 |CP82C86H/] 20 Ld 0°C to +70°C |E20.3 
a a faa 
IP82C86H-5 IP82C86H -40°C to +85°C | E20.3 
CS82C86H-5 }|CS82C86H} 20 Ld 0°C to +70°C _|N20.35 
tutes (reel 
IS82C86H-5 IS82C86H -40°C to +85°C | N20.35 


CD82C86H-5 |CD82C86H] 20 Ld 0°C to +70°C |F20.3 


ID82C86H-5 ID82C86H -40°C to +85°C | F20.3 


MD82C86H-5/B -55°C to F20.3 
+125°C 

5962- F20.3 : 

8757701RA 

MR82C86H-5/B -55°C to J20.A 
+125°C 

5962- J20.A 

87577012A 


File Number 2977.1 


CMOS 
PERIPHERALS 


Pinouts 


82C86H (PDIP, CERDIP) 
TOP VIEW 


82C86H 


82C86H (PLCC, CLCC) 
TOP VIEW 
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TRUTH TABLE 


CT ey ays 
OO A 


H =Logic One 

L =Logic Zero 

| = Input Mode 

O = Output Mode 

X  =Don't Care 

Hi-Z = High Impedance 


PIN NAMES 


CPR [DESCRIPTION 
[OE [Rave Low GututErabio 


82C86H 


Functional Diagram 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
Vcc and GND when the signal is at or near the input switch- 
ing threshold. Additionally, if the driving signal becomes high 
impedance (“float” condition), it could create an indetermi- 
nate logic state at the inputs and cause a disruption in 
device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device is 
disabled (OE = logic one for the 82C86H/87H). These gated 
inputs disconnect the input circuitry from the Voc and 
ground power supply pins by turning off the upper P-channel 
and lower N-channel (See Figures 1 and 2). No current flow 
from Voc to GND occurs during input transitions and invalid 
logic states from floating inputs are not transmitted. The next 
stage is held to a valid logic level internal to the device. 


D.C. input voltage levels can also cause an increase in ICC if 
these input levels approach the minimum Vj, or maximum 
Vi, conditions. This is due to the operation of the input cir- 
cuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi- 
tion will occur only during the time the device is in the trans- 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 10u.A during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 


Decoupling Capacitors 


The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C86H/87H data 
sheet is determined by: 


| = C, (dv/dt) (EQ. 1) 


Assuming that all outputs change state at the same time and 
that dv/dt is constant; 


(VCC x 80%) 
tR/tF 


1-6 (EQ. 2) 


where tR = 20ns, Vcc = 5.0V, C, = 300pF on each eight out- 
puts. 


| = (80 x 300 x 1077) x (5.0V x 0.8)/(20 x 10-2) 


(EQ. 3) 
= 480mA 
STB 
DATA 
FIGURE 1. 82C82/83H 
Vcc 
OE 
DATA IN oo 


FIGURE 2. 82C86H/87H GATED INPUTS 


This current spike may cause a large negative voltage spike 
on Vcc which could cause improper operation of the device. 
To filter out this noise, it is recommended that a 0.1pF 
ceramic disc capacitor be placed between Voc and GND at 
each device, with placement being as near to the device as 
possible. 
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CMOS 
PERIPHERALS 


82C86H 


Absolute Maximum Ratings Thermal Information 
BUOY POUAOR 2 cc aScey saceten ape da censadsuKdadeees +8.0V Thermal Resistance (Typical) Bya (CCIW) Byo (°C/W) 
Input, Output or I/O Voltage ............ GND -0.5V to Vcc +0.5V CERDIP Package ..............-- 70 16 
Eo) CIMSSCHUON oxo vkatans scdeedans Cane ee be wees Class 1 CLCC Package ..............000- 80 20 
PDIP PACKEOO .. ices cescunevewss lis, N/A 
Operating Conditions PLGG PackdQ@ ..iccccscnsvreunes 75 N/A 
Maximum Storage Temperature Range ......... -65°C to +150°C 
sett OG AND cv evene i reuieanitans anne Maximum Junction Temperature Hermetic Package....... +175°C 
perating Temperature Range . - 
CB2CBEH ...... econ cece cece eee. 0°C to +70°C Maximum Junction Temperature Plastic Package......... +150°C 
I) newt eoncud ooneeotss eesees ceteews -40°C to +85°C Maximum Lead Temperature (Soldering 10s)............ +300°C 


M82C8GH .... 0. eee cccccecceccucceuvee. 55°C to +125°C —« (PLCC - Lead Tips Only) 


Die Characteristics 
Gale Count «va ccucxcksacuewaevaunestupeaeeenucs 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = 5.0V + 10%; Ta = 0°C to +70°C (C82C86H); 
Ta = -40°C to +85°C (I82C86H); 
Ta = -55°C to +125°C (M82C86H) 


Tevwsot[Pawaweren [wn [wax | uns | TESTCONDTONS 
reaverags | 22 |__| _v _|eaceennme) 
a 


OH Logical One Output Voltage 
ied ee 
cl a Ak a a 

Voi Logical Zero Output Voltage 


| Input Leakage Current ec Vin = GND or Voc DIP Pins 9, 11 


St Leakage Current VO = GND or Vgc, OE 2 Veg -0.5V 
DIP Pins 1 - 8, 12 - 19 
ICCSB_ ‘| Standby Power Supply Vin = Vec or GND, Voc = 5.5V, Outputs Open 
Current 
ICCOP | Operating Power Supply Seen a aa Ts = +25°C, Typical (See Note 2) 
Current 


NOTES: 


1. Vj, is measured by applying a pulse of magnitude = VIH(MIN) to one data input at a time and checking the corresponding device output for 
a valid logical “1” during valid input high time. Control pins (T, OE) are tested separately with all device data input pins at Voc -0.4 


2. Typical |CCOP = 1mA/MHz of read/ cycle time. (Example: 1.0us read/write cycle time = 1mA). 


Capacitance T, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 


Input Capacitance 
B Inputs 


Freq = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications Voc =5.0V+10%; Ts = 0°C to +70°C (C82C86H); 
Freq = 1MHz Ta = -40°C to +85°C (I82C86H); 
Ta = -55°C to +125°C (M82C86H) 


NOTE 4 
82C86H | 82C86H-5 
SYMBOL PARAMETER MAX MAX 


TIVOV Input to Output Delay 


(1) 
6) 
7) 


( TR,. FF Input Rise/Fall Times 
( TEHEL Minimum Output Enable High Time 
82C86H 


82C86H-5 


NOTES: a 
1. All AC parameters tested as per test circuits and definitions in timing waveforms and test load circuits. Input rise and fall times are driven wo = 
at ins/V. O WwW 

2. Input test signals must switch between V,, - 0.4V and Vj, +0.4V. - a 
3. A system limitation only when changing direction. Not a measured parameter. i 
ou 


4. 82C8E6H is available in commercial and industrial temperature ranges only. 82C86H-5 is available in commercial, industrial and military 
temperature ranges. 


Timing Waveform 


TR, TF (6) 
2.0V 
INPUTS 0.8V 
TEHEL (7) 
OE 
(4) 
TEHOZ 
VOH -0.1V 
oom = 
VOL +0.1V 
TEHTV (2) TTVEL (3) 
¥ 


NOTE: All timing measurements are made at 1.5V unless otherwise noted. 
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82C86H 


Test Load Circuits 
A SIDE OUTPUTS 
TELOV OUTPUT HIGH TELOV OUTPUT LOW TEHOZ OUTPUT LOW/HIGH 
TIVOV LOAD CIRCUIT ENABLE LOAD CIRCUIT ENABLE LOAD CIRCUIT DISABLE LOAD CIRCUIT 
2.36V 1.5V 1.5V 2.36V 
1602 3752 912 1602 
TEST TEST TEST TEST 
OUTPUT SOarT OUTPUT cir OUTPUT heap OUTPUT ncuart 
100pF 100pF 100pF 50pF 
(SEE NOTE) a (SEE NOTE) a (SEE NOTE) a (SEE NOTE) a 
B SIDE OUTPUTS 
TELOV OUTPUT HIGH TELOV OUTPUT LOW TEHOZ OUTPUT LOW/HIGH 
TIVOV LOAD CIRCUIT ENABLE LOAD CIRCUIT ENABLE LOAD CIRCUIT DISABLE LOAD CIRCUIT 
2.27V 1.5V 1.5V 2.27V 
910. 1802 510 912 
TEST TEST TEST TEST 
OUTPUT lal OUTPUT nome OUTPUT ec OUTPUT cae 
300pF 300pF 300pF 50pF 
(SEE NOTE) J (SEE NOTE) J (SEE NOTE) a (SEE NOTE) a 
NOTE: Includes jig and stray capacitance. 
Burn-In Circuits 
MD82C86H CERDIP 
Vec 
R1 C1 
F2 WV a 20) me 
F2 2 | 19) A 
Ri 
F2 3 | 18 | A 
R1 
F2 o A 
R1 
F2 5 | 16 A 
Ri 
F2 vy Ci 15) - Vec 
A 
F2 W 14] a 
F2 8 | 13] A 
R1 A 
— ae rs 
10) 14] Voc 
\/ 
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82C86H 


Burn-in Circuits (continued) 


MR82C86H CLCC 

Ven C1 
F2 F2 F2 F3 
R5| R5 | RS as 


F2 4 1 F3 
i AS 

ne 51 F3 
= | RE 

F2 5 61 F3 
ad RS 

Fo _F5 71 F3 
" R5 

7 es 8 | F3 


R4 R4 | R5 | RS 


Fo \/7 Fi F3 F3 


NOTES: 
1. Voc = 5.5V + 0.5V, GND = OV 
. Vin = 4.5V + 10% 
. Vir = -0.2V to 0.4V 
. R1=47kQ+ 5% 
. R2=2.4kQ + 5% 
R3 = 1.5kQ + 5% 
. R4=1kQN+ 5% 
. R5=5kQN+ 5% 
. C1 =0.01pF minimum 
. FO = 100kHz + 10% 
. Fl = F0/2, F2 = F1/2, F3 = F2/2 


PERIPHERALS 


©OMNODMH & WD 


—_— 8 ach 
_—= © 
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Die Characteristics 


DIE DIMENSIONS: 
138.6 x 155.5 x 19+ 1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA + 1kA 


Metallization Mask Layout 


| @@e|| 000. 
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“Wik ni Til 


Pi. Ny , ef 
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Cn YUJUU SUL! haneccenteaaad TR 


s ie 


. 


82C86H 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


WORST CASE CURRENT DENSITY: 
1.47 x 10° A/cm? 


82C86H 


: gal! = 
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Ga FARRIS 


SEMICONDUCTOR 


82C87H 


March 1997 CMOS Octal Inverting Bus Transceiver 


Features 


Full Eight Bit Bi-Directional Bus Interface 
industry Standard 8287 Compatible Pinout 
High Drive Capability 

- B Side lo 

- A Side Io, 

Three-State Inverting Outputs 

Propagation Delay 


Gated Inputs 
- Reduce Operating Power 
- Eliminate the Need for Pull-Up Resistors 


Single 5V Power Supply 
Low Power Operation 


Operating Temperature Range 
- C82C87H 
- 182C87H 
- M82C87H 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


Description 


The Harris 82C87H is a high performance CMOS Octal 
Transceiver manufactured using a self-aligned silicon gate 
CMOS process (Scaled SAul IV). The 82C87H provides a full 
eight-bit bi-directional bus interface in a 20 pin package. The 
Transmit (T) control determines the data direction. The active 
low output enable (OE) permits simple interface to the 
80C86, 80C88 and other microprocessors. The 82C87H has 
gated inputs, eliminating the need for pull-up/pull-down resis- 
tors and reducing overall system operating power dissipation. 
The 82C87H provides inverted data at the outputs. 


Ordering Information 


PART NUMBERS 
CP82C87H-5 |CP82C87H |20Ld 0°C to +70°C | E20.3 
IP82C87H-5 IP82C87H -40°C to +85°C | E20.3 


CS82C87H-5 |CS82C87H |20Ld 0°C to +70°C _|N20.35 
Keisseaatl ts La 
IS82C87H-5 IS82C87H 


CD82C87H-5 |CD82C87H | 20 Ld 


ID82C87H-5 ID82C87H 


°C to +70°C |F20.3 


-40°C to +85°C | F20.3 

MD82C87+H-5/B -55°C to F20.3 
4125°C 

5962- F20.3 

8757702RA 

MR82C87#-5/B -55°C to J20.A 
+125°C 

5962- J20.A 

87577022A 


-40°C to +85°C | N20.35 
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Pinouts 


82C87H (PDIP, CERDIP) 
TOP VIEW 


82C87H 


82C87H (PLCC, CLCC) 
TOP VIEW 


4-326 


TRUTH TABLE 


H =Logic One 

L =Logic Zero 

| = Input Mode 

O = Output Mode 

X  =Don't Care 

Hi-Z = High Impedance 


PIN NAMES 


[em | BesonIPTION 
[OE [pete aw Oar 


82C87H 


Functional Diagram 


Gated Inputs 


During normal system operation of a latch, signals on the 
bus at the device inputs will become high impedance or 
make transitions unrelated to the operation of the latch. 
These unrelated input transitions switch the input circuitry 
and typically cause an increase in power dissipation in 
CMOS devices by creating a low resistance path between 
Voc and GND when the signal is at or near the input switch- 
ing threshold. Additionally, if the driving signal becomes high 
impedance (“float” condition), it could create an indetermi- 
nate logic state at the inputs and cause a disruption in 
device operation. 


The Harris 82C8X series of bus drivers eliminates these 
conditions by turning off data inputs when data is latched 
(STB = logic zero for the 82C82/83H) and when the device is 
disabled (OE = logic one for the 82C87H/87H). These gated 
inputs disconnect the input circuitry from the Vcc and 
ground power supply pins by turning off the upper P-Chan- 
nel and lower N-Channel (See Figures 1 and 2). No current 
flow from Vcc to GND occurs during input transitions and 
invalid logic states from floating inputs are not transmitted. 
The next stage is held to a valid logic level internal to the 
device. 


D.C. input voltage levels can also cause an increase in ICC if 
these input levels approach the minimum Vj, or maximum 
Vi, conditions. This is due to the operation of the input cir- 
cuitry in its linear operating region (partially conducting 
state). The 82C8X series gated inputs mean that this condi- 
tion will occur only during the time the device is in the trans- 
parent mode (STB = logic one). ICC remains below the 
maximum ICC standby specification of 101A during the time 
inputs are disabled, thereby greatly reducing the average 
power dissipation of the 82C8X series devices. 


Decoupling Capacitors 


The transient current required to charge and discharge the 
300pF load capacitance specified in the 82C86H/87H data 
sheet is determined by: 


| = C, (dv/dt) (EQ. 1) 


Assuming that all outputs change state at the same time and 
that dv/dt is constant; 


(VCC x 80%) 
tR/tF 


eG (EQ. 2) 


where tR = 20ns, Vcc = 5.0V, C, = 300pF on each eight out- 
puts. 


| = (80x 300 x 10° |”) x (5.0V x 0.8)/(20 x 10°”) 
= 480mA 


(EQ. 3) 


This current spike may cause a large negative voltage spike on 
Vcc which could cause improper operation of the device. To fil- 
ter out this noise, it is recommended that a 0.1,.F ceramic disc 
capacitor be placed between Vcc and GND at each device, 
with placement being as near to the device as possible. 


P 
P 
N 
STB 
P 
DATA IN 
N 


FIGURE 1. 82C82/83H 


INTERNAL 
DATA 


Vcc 


OE 


INTERNAL 


DATA IN DATA 


FIGURE 2. 82C86H/87H GATED INPUTS 
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Absolute Maximum Ratings Thermal Information 
BUGON VONROG é.o0cos accesses ceeswsGusenseeeesteseans +8.0V Thermal Resistance (Typical) Oya (CCW) 8p (°C/W) 
Input, Output or I/O Voltage ............ GND -0.5V to Vec +0.5V CERDIP Package ..............-. 70 16 
ESO CIAGSGOUON 6 ccictececceunci wer easiaessucene Class 1 CLCC Package .............0000% 80 20 
PDIP PACKAGE «v6 kssws ene eee aes 75 N/A 
Operating Conditions PLOG Package ...2..:sascteseeys 75 N/A 
' Storage Temperature Range.................. -65°C to +150°C 
jauepevneteab saFacnes 4.5V to +5.5V 
let ee eae Maximum Junction Temperature Hermetic Package....... +175°C 
sang 0°C to +70°C Maximum Junction Temperature Plastic Package......... +150°C 
182087H Se ee “40°C to 485°C, Maximum Lead Temperature (Soldering 10s)............ +300°C 


M82C87H .... cece cc cccceeccuceeneeenes 55°C to +125°C (PLCC - Lead Tips Only) 


Die Characteristics 
Cg Es. | ae ere ee ee 265 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc¢ = 5.0V + 10%; Ts = 0°C to +70°C (C82C87h); 
Ta = -40°C to +85°C (182C87H); 
Ta = -55°C to +125°C (M82C87h) 


[svweor[——anaweren [wn [wax | unre [| YeevcoNomiONs 
Teaver | 22 |__| v _[wmecaranie) 


Logical One Output Voltage 


B Outputs 


V 
V lon = -8mA 
V lon = -4mA 
lon = -100nA 


Voi Logical Zero Output Voltage 


B Outputs 


lot = 20mMA 


VO = GND or Veo OE > Voc -0.5V 


Output Leakage Current -10.0 10.0 
DIP Pins 1 - 8, 12-19 
ICCSB_ ‘| Standby Power Supply pA Vin = Voc or GND, Vcc = 5.5V, Outputs Open 
Current 
ICCOP__| Operating Power Supply Pe A bead Ta = +25°C, Typical (See Note 2) 
Current 


NOTES: 


1. Vy is measured by applying a pulse of magnitude = Vj (min) to one data input at a time and checking the corresponding device output for 
a valid logical “1” during valid input high time. Control pins (T, OE) are tested separately with all device data input pins at Vcc -0.4. 


2. Typical |CCOP = 1mA/MHz of read/ cycle time. (Example: 1.0us read/write cycle time = 1mA). 


lot = 12mA 
Vin = GND or Voc DIP Pins 9, 11 


Capacitance Ty, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
CIN 


Input Capacitance 
B Inputs 18 pF 


Freq = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications Voo =5.0V+10%; Ts = 0°C to +70°C (C82C87H); 
Freq = 1MHz - = -40°C to +85°C (182C87H); 


= -55°C to +125°C (M82C87h) 
SYMBOL PARAMETER 


TEST CONDITIONS 


NOTES 4 
= 82C87H-5 
MAX MAX UNITS 
(1) TIVOV Input to Output Delay 
me s|.{ sf. 


Notes 1, 2 
OO 

(3) TTVEL | Transmit/Receive Setup Time re Notes 1, 2 

(7) TEHEL Minimum Output Enable High Time Note 3 
82C87H 

NOTES: 

1. All AC parameters tested as per test circuits and definitions in timing waveforms and test load circuits. Input rise and fall times are driven 

at ins/V. 

2. Input test signals must switch between Vj, - 0.4V and Vj, +0.4V. 

3. Asystem limitation only when changing direction. Not a measured parameter. 

4. 82C87H is available in commercial and industrial temperature ranges only. 82C87H-5 is available in commercial, industrial and military 
temperature ranges. 


CMOS 
PERIPHERALS 


Timing Waveform 


TR, TF (6) 
2.0V 
INPUTS way 
TEHEL (7) 
OE 
(4) 
TEHOZ 
Von -0.1V 
cum NE 
, Vo. +0.1V 
TEHTV (2) TTVEL (3) 
T 
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Test Load Circuits 
A SIDE OUTPUTS 
TELOV OUTPUT HIGH TELOV OUTPUT LOW TEHOZ OUTPUT LOW/HIGH 
TIVOV LOAD CIRCUIT ENABLE LOAD CIRCUIT ENABLE LOAD CIRCUIT DISABLE LOAD CIRCUIT 
2.36V 1.5V 1.5V 2.36V 
160Q 3752 912 1602 
TEST TEST TEST TEST 
OUTPUT aout OUTPUT nour OUTPUT hele OUTPUT aaurt 
100pF 100pF 100pF 50pF 
(SEE NOTE) a (SEE NOTE) a (SEE NOTE) a (SEE NOTE) a 
B SIDE OUTPUTS 
TELOV OUTPUT HIGH TELOV OUTPUT LOW TEHOZ OUTPUT LOW/HIGH 
TIVOV LOAD CIRCUIT ENABLE LOAD CIRCUIT ENABLE LOAD CIRCUIT DISABLE LOAD CIRCUIT 
2.27V 1.5V 1.5V 2.27V 
912 1802 512 912 
TEST TEST TEST TEST 
OUTPUT biel OUTPUT cnet OUTPUT sree OUTPUT oat 
300pF 300pF 300pF 50pF 
(SEE NOTE) a (SEE NOTE) a (SEE NOTE) a (SEE NOTE) a 
NOTE: Includes jig and stray capacitance. 
Burn-in Circuits 
MD82C87H CERDIP 
Vec 
R1 C1 
F2 4a 20) a 
Ri 
F2 2 | 19) A 
Ri 
F2 3 | 18 A 
Ri 
F2 o A 
Ri 
F2 5 | 16 A 
Ri 
F2 WV 6 15) A Voc 
A 
F2 W 14] - 
F2 8 | 13] A 
Ri A 
maa hv m 
10] 14 Vec 
\/ 
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Burn-in Circuits (continued) 
MR82C87H CLCC 


Voc C1 


F2 F2 F2 F3 


R5} RS] RS R5 


R5 R5 


F2 F3 
F2 FS ss F3 
oo = F3 
| = F3 
a las FS 


R4 R4 | R5 | R5 


Fo \/7 Fi F3 F3 


NOTES: 
1. Veco = 5.5V + 0.5V, GND = OV 
. Vin = 4.5V + 10% 
. Vip = -0.2V to 0.4V 
. R1=47kQ+ 5% 
. R2=2.4kQN+5% 
» RS = 1.5kQO25% 
R4 = 1kQ+5% 
. R5=5kQ+ 5% 
. C1 =0.01pF minimum 
. FO = 100kHz + 10% 
, Fl =FO/2, F2=Fi/2, F3 = F2/2 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
138.6 x 155.5 x 19 + Imils Type: SiO, Li awl 
METALLIZATION: TABRNORE Bir 9 
Type: Si - Al WORST CASE CURRENT DENSITY: 
Thickness: 11kA + 1kA 1.47 x 10° A/cm? 


Metallization Mask Layout 


82C87H 


+ 
_~=_ ve : 
I F bad 
pom if i 
RES aap eH Ue : 
1 ‘ 
Py, 1 ~ 


aE IT 
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@ HARRIS 82C88 


March 1997 CMOS Bus Controller 
Features Description 
¢ Compatible with Bipolar 8288 The Harris 82C88 is a high performance CMOS Bus Control- 
© Pert Cc tible with: ler manufactured using a self-aligned silicon gate CMOS 
sihcutaLbeeiicliteal_shiatadiaiiala process (Scaled SAuJI IV). The 82C88 provides the control 
= 80C86/80C88 eeeeese see eee eee ee ee ee eee (5/8MHz) and command timing signals for 80C86, 80C88, 8086, 8088, 
© BOTEGUICS bran ceded es vawd ene ine maaend (6/8MHz) 8089, 80186, and 80188 based systems. The high output 
- 8086/8088 ........ ccc cee eee eens (5/8MHz) drive capability of the 82C88 eliminates the need for addi- 
- 8089 tional bus drivers. : 
© Provides Advanced Commands for Multi-Master Static CMOS circuit design insures low operating power. The 
Busses Harris advanced SAJI process results in performance equal 


to or greater than existing equivalent products at a significant 
e Three-State Command Outputs power savings. 


¢ Bipolar Drive Capability 
Scaled SAJi lV CMOS Process 
Single 5V Power Supply 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


CP82C88 20 Ld PDIP 0°C to +70°C /E20.3 | 


e Low Power Operation 


© SCS vavccvruessswexacsanwnes sivas 101A (Max) | CP82C88-10 O°C to+70°C =} E203 | 
= WGP sesecanvrevateestunceeye imA/MHz (Max) | !P82C88 -40°C to+85°C | E20.3 | 
~” 
ie) ie) 

e Operating Temperature Ranges cl ae 2 +0 = IN20.35 | = 
~ C82CBB .. eee eee cceeeeeceeeeeeees 0°C to +70°c | !$82C88 = |N20.35 | Q 
~ 182088 . 0... cece cece cceceeeeeees -40°C to +85°C =| CD82C88 == 
> MOSCEB i cccsvevssverssenssees -55°C to +125°C =| !082C88 “40°C to +85°C Oe 

MD82C88/B -55°C to+125°C ~|F20.3 - 
8406901RA F20.3 
MR82C88/B -55°C to +125°C + |J20.A 
84069012A J20.A 
Pinouts 
20 LEAD PDIP, CERDIP 20 LEAD PLCC, CLCC 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2979.1 
Copyright © Harris Corporation 1997 4-333 
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Functional Diagram 
_ = MRDC 
oT] status me me ™ 
AMwGe MULTIBUS 
Si [~] DECODER COMMAND f—}7—~* AMW COMMAND 
GENERATOR lowe 
tow 
INTA 
sai a e | bm ADDRESS LATCH, 
CONTROL | AEN CONTROL CONTROL DEN DATA TRANSCEIVER, 
INPUT }) CEN | Loaic =f eee en LT cE/PDEN f AND INTERRUPT 
i & CONTROL SIGNALS 
1OB ALE 


Voc GND 


Pin Description 


PIN 
SYMBOL anon | TYPE DESCRIPTION 


| vec | 2 | | Voc: The +5V power supply pin. A 0.1.F capacitor between pins 10 and 20 is recommended for decoupling. 


$0,S1,S2] 19, 3, 18 a STATUS INPUT PINS: These pins are the input pins from the 80C86, 80C88,8086/88, 8089 processors. 


The 82C88 decodes these inputs to generate command and control signals at the appropriate time. 
When Status pins are not in use (passive), command outputs are held HIGH (See Table’). 


CLOCK: This is a CMOS compatible input which receives a clock signal from the 82C84A or 82C85 clock 
generator and serves to establish wnen command/control signals are generated. 


ADDRESS LATCH ENABLE: This signal serves to strobe an address into the address latches. This sig- 
nal is active HIGH and latching occurs on the falling (HIGH to LOW) transition. ALE is intended for use 
with transparent D type latches, such as the 82C82 and 82C83H. 


DATA ENABLE: This signal serves to enable data transceivers onto either the local or system data bus. 
This signal is active HIGH. 


DATA TRANSMIT/RECEIVE: This signal establishes the direction of data flow through the transceivers. 
A HIGH on this line indicates Transmit (write to I/O or memory) and a LOW indicates Receive (read from 
1/0 or memory). 


ADDRESS ENABLE: AEN enables command outputs of the 82C88 Bus Controller a minimum of 110ns. 
(250ns maximum) after it becomes active (LOW). AEN going inactive immediately three-states the com- 
mand output drivers. AEN does not affect the I/O command lines if the 82C88 is in the I/O Bus mode 

(l1OB tied HIGH). 


COMMAND ENABLE: When this signal is LOW all 82C88 command outputs and the DEN and PDEN con- 
trol outputs are forced to their Inactive state. When this signal is HIGH, these same outputs are enabled. 


INPUT/OUTPUT BUS MODE: When the IOB pin is strapped HIGH, the 82C88 functions in the I/O Bus 
mode. When it is strapped LOW, the 82C88 functions in the System Bus mode (See I/O Bus and System 
Bus sections). 


Intel™ is a Registered Trademark of Intel Corporation 
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Pin Description (Continued) 


PIN 
SYMBOL jsuusen TYPE DESCRIPTION 
AlOWC 12 ADVANCED |/O WRITE COMMAND: The AIOWC issues an I/O Write Command earlier in the machine 
cycle to give I/O devices an early indication of a write instruction. Its timing is the same as a read com- 
mand signal. AIOWC is active LOW. 
IOWC 1/0 WRITE COMMAND: This command line instructs an I/O device to read the data on the data bus. The 
signal is active LOW. 


1 READ COMMAND: This command line instructs an I/O device to drive its data onto the data bus. This 
| toc is active LOW. 


ADVANCED MEMORY WRITE COMMAND: The AMWC issues a memory write command earlier in the 
machine cycle to give memory devices an early indication of a write instruction. Its timing is the same as 
a read command signal. AMWC is active LOW. 


MWTC MEMORY WRITE COMMAND: This command line instructs the memory to record the data present on 
the data bus. This signal is active LOW. 


INTERRUPT ACKNOWLEDGE: This command line tells an interrupting device that its interrupt has been 
acknowledged and that it should drive vectoring information onto the data bus. This signal is active LOW- 


MEMORY READ COMMAND: This command line instructs the memory to drive its data onto the data 
bus. MRDC is active LOW. 


MCE/PDEN 17 


This is a dual function pin. MCE (IOB IS TIED LOW) Master Cascade Enable occurs during an interrupt 


sequence and serves to read a Cascade Address from a master 82C59A Priority Interrupt Controller onto 
the data bus. The MCE signal is active HIGH. PDEN (IOB IS TIED HIGH): Peripheral Data Enable enables 
the data bus transceiver for the I/O bus that DEN performs for the system bus. PDEN is active LOW. 


Functional Description 


The command logic decodes the three 80C86, 8086, 80C88, 
8088, 80186, 80188 or 8089 status lines (SO, S1, S2) to 
determine what command is to be issued (see Table 1). 


TABLE 1. COMMAND DECODE DEFINITION 


82C88 
PROCESSOR STATE COMMAND 


ToT 2 Te [remnants [RI 
Ce oe 
[Te wet ree [owe none 
a 
ee 
oe 
SS Co 
2 
I/O Bus Mode 


The 82C88 is in the I/O Bus mode if the IOB pin is strapped 
HIGH. In the I/O Bus mode, all I/O command lines IORC, 
IOWC, AIOWC, INTA) are always enabled (i.e., not depen- 
dent on AEN). When an I/O command is initiated by the pro- 


cessor, the 82C88 immediately activates the command lines 
using PDEN and DT/R to control the I/O bus transceiver. The 
I/O command lines should not be used to control the system 
bus in this configuration because no arbitration is present. 
This mode allows one 82C88 Bus Controller to handle two 
external busses. No waiting is involved when the CPU wants 
to gain access to the I/O bus. Normal memory access 
requires a “Bus Ready” signal (AEN LOW) before it will pro- 
ceed. It is advantageous to use the IOB mode if I/O or 
peripherals dedicated to one processor exist in a multi-pro- 
cessor system. 


System Bus Mode 


The 82C88 is in the System Bus mode if the IOB pin is 
strapped LOW. In this mode, no command is issued until a 
specified time period after the AEN line is activated (LOW). 
This mode assumes bus arbitration logic will inform the bus 
controller (on the AEN line) when the bus is free for use. 
Both memory and I/O commands wait for bus arbitration. 
This mode is used when only one bus exists. Here, both |/O 
and memory are shared by more than one processor. 


Command Outputs 


The advanced write commands are made available to initiate 
write procedures early in the machine cycle. This signal can 
be used to prevent the processor from entering an unneces- 
sary wait state. 
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INTA (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should 
place vectoring information onto the data bus. 


The command outputs are: 

MRDC - Memory Read Command 

MWTC - Memory Write Command 

IORC - I/O Read Command 

IOWC - I/O Write Command 

AMWC - Advanced Memory Write Command 
AIOWC - Advanced I/O Write Command 


INTA - Interrupt Acknowledge 


Control Outputs 


The control outputs of the 82C88 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Master Cascade Enable/ 
Peripheral Data Enable (MCE/PDEN). The DEN signal 
determines when the external bus should be enabled onto 
the local bus and the DT/R determines the direction of data 
transfer. These two signals usually go to the chip select and 
direction pins of a transceiver. 


The MCE/PDEN pin changes function with the two modes of 
the 82C88. When the 82C88 is in the IOB mode (IOB HIGH), 
the PDEN signal serves as a dedicated data enable signal 
for the I/O or Peripheral System bus. 


Interrupt Acknowledge and MCE 


The MCE signal is used during an interrupt acknowledge 
cycle if the 82C88 is in the System Bus mode (IOB LOW). 
During any interrupt sequence, there are two interrupt 
acknowledge cycles that occur back to back. During the first 
interrupt cycle no data or address transfers take place. Logic 
should be provided to mask off MCE during this cycle. Just 
before the second cycle begins the MCE signal gates a mas- 
ter Priority Interrupt Controller's (PIC) cascade address onto 
the processor's local bus where ALE (Address Latch Enable) 
strobes it into the address latches. On the leading edge of 
the second interrupt cycle, the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is read by 
the processor. 


If the system contains only one PIC, the MCE signal is not 
used. In this case, the second Interrupt Acknowledge signal 
gates the interrupt vector onto the processor bus. 


Address Latch Enable and Halt 


Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
82C82/82C83H address latches. ALE also serves to strobe 


the status (SO, S1, S2) into a latch for halt state decoding. 


Command Enable 


The Command Enable (CEN) input acts as a command 
qualifier for the 82C88. If the CEN pin is high, the 82C88 
functions normally. If the CEN pin is pulled LOW, all com- 
mand lines are held in their inactive state (not three-state). 
This feature can be used to implement memory partitioning 
and to eliminate address conflicts between system bus 
devices and resident bus devices. 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage... 00... cece eee etree eee ees +8.0V Thermal Resistance (Typical) Bya (CCIW) 8jco (PC/W) 
Input, Output or I/O Voltage ........... GND -0.5V to Voc +0.5V CERDIP Package ................ 75 18 
EGU GCIRGSINCAUON 165 kcwewnrs aonve ewan ede oan s wumor Class 1 CLCC Package ................0. 85 22 
Pi POROUS oss ciseese Seen aes iS N/A 
Operating Conditions PLOG Package .....<.ssscseeess 75 N/A 
Operating Voltage Range..................00. +4.5V to +5.5V Storage Temperature Range.................. “65°C to +150°C 
Operating Temperature Range Maximum Junction Temperature 
CB2CBB........ 6. cece cccee ccc eee. 0°C to +70°C Coramic Package .....6.0e0sucaveneversvvecenvns +175°C 
eepe ek “40°C to +85°C PisStie POGIAOG . oj cic cece acrenizonransesexnceas +150°C 
M82CBB ............-. eee ec eee ee eee ee. 55°C to +125°C Maximum Lead Temperature (Soldering 10s)............ +300°C 


(PLCC - Lead Tips Only) 


Die Characteristics 
CO NG ik ke eke nthe hha geben se OER eee dEO wes 100 Gates 
CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 


of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = 5.0V + 10%; 
Ta = 0°C to +70°C (C82C88); 
Ta = -40°C to +85°C (182C88); 
Ta = -55°C to +125°C (M82C88) 


Tevweoc[_Paraweren [ww | wAK | ows | TESTCONDITONS 


Vin Logical One Input Voltage 2.0 V C82C88, 182C88 - 
2.2 V M82C88 


Output High Voltage 3.0 
Command Outputs Voc -0.4 


IOH = -8.0mMA 
IOH = -2.5mMA 
Output High Voltage 3.0 lon = -4.0mMA 
Control Outputs Vcc -0.4 lon = -2.5mA 


loc= +12.0mMA 
lo. = +8.0MA 


Vin = GND or Vcc, except SO, $1, S2, 
DIP Pins 1-2, 6, 15 


Vin = 2.0V, SO, S1, S2 (See Note 1) 


Vo = GND or Vcc, |IOB = GND, AEN = Vcc, 
DIP Pins 7-9, 11-14 


Voc = 5.5V, Vin = Voc or GND, Outputs Open 
Vcc = 5.5V, Outputs Open (See Note 2) 
NOTES: 


1. IBHH should be measured after raising the Vij, on SO, S1, S2 to Vcc and then lowering to valid input high level of 2.0V. 
2. ICCOP = 1mA/MHz of CLK cycle time (TCLCL) 


Output Low Voltage V 
Control Outputs 
Input Leakage Current -1.0 a pA 


IBHH Input Leakage Current-Status Bus -300 


VoL Output Low Voltage 0.5 
Command Outputs 


Capacitance Tp, = +25°C 


SYMBOL PARAMETER TYPICAL UNITS TEST CONDITIONS 
Input Capacitance FREQ = 1MHz, all measurements are 


EO a 
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AC Electrical Specifications Voc =5.0V + 10%; 
Ta = 0°C to +70°C (C82C88); 
Ta = -40°C to +85°C (182C88); 
Ta = -55°C to +125°C (M82C88) 


a ee TEST 
ama anna] vs |consons 
TIMING REQUIREMENTS 
Pest - | ol - 7 sf-ftsy 
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NOTES: 
1. TAELCH measurement is between 1.5V and 2.5V. 
2. TAEHCZ measured at 0.5V change in VOUT. 
AC Testing Input, Output Waveform A.C. Test Circuit 
INPUT OUTPUT . 
Vin +0.4V Vou Ri 
Vit -0.4V VoL ynpenest > (SEE NOTE) 
NOTE: 
INCLUDES STRAY AND JIG CAPACITANCE 


A.C. Testing: All input signals (other than CLK) must switch 
between Vj, -0.4V and Vj +0.4. CLK must switch between 0.4V TABLE 2. TEST CONDITION DEFINITION TABLE 


and Vcc -0.4V. Input rise and fall times are driven at 1ns/V. | TESTCONDITION | Vi | RI | 
Tp 
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Timing Waveforms (Note 3) 
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PDEN (READ) 
Ty TCVNV 
(8) “> 
DEN (WRITE) 
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—e/| (18) 
DT/R (READ) 
(INTA) 


ac LF@ 


(11) (9) 
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NOTES: 
1. Address/Data Bus is shown only for reference purposes. 
2. Leading edge of ALE and MCE is determined by the falling edge of CLK or status going active. Whichever occurs last. 
3. All timing measurements are made at 1.5V unless otherwise specified. 
FIGURE 1. 
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Timing Waveforms (Note 3) (Continued) 


CEN 
TAEVNV (22) 
TCEVNV (23) 
PDEN 
FIGURE 2. DEN, PDEN QUALIFICATION TIMING 
TAELCV 
oe (21) 

AEN 1.5V 1.5V 


TAELCH (8 har Te 
OUTPUT Lg * {—- 0.5V VOH 
COMMAND 


TCELRH 


(24) 
TCELRH (24) 


CEN MUST BE LOW OR INVALID PRIOR TO T2 TO PREVENT THE COMMAND FROM BEING GENERATED. 


FIGURE 3. ADDRESS ENABLE (AEN) TIMING (THREE-STATE ENABLE/DISABLE) 
NOTES: 
1. Address/Data Bus is shown only for reference purposes. 
2. Leading edge of ALE and MCE is determined by the falling edge of CLK or status going active. Whichever occurs last. 
3. All timing measurements are made at 1.5V unless otherwise specified. 
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Burn-In Circuits 


NOTES: 


1. Voc = 5.5V + 0.5V 
GND = 0V 


2. Vin = 4.5V + 10% 
Vit = -0.2V to +0.4V 


3. Component Values: 
R1 = 47kQ, 1/4W, 5% 
R2 = 1.5kQ, 1/4W, 5% 
R3 = 10kQ, 1/4W, 5% 
R4 = 1.2kQ, 1/4W, 5% 
C1 = 0.01pF (Min) 
FO = 100kHz + 10% 
Fi = FO/2 
P2= Fi... F7= Fé/2 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
103.5 x 116.5 x 19 + 1mils Type: Nitrox a 
METALLIZATION: PGEnSEeS WB 
Type: Si - Al WORST CASE CURRENT DENSITY: 
Thickness: 1 1kA + 2kA 1.9x 10° A/cm? 


Metallization Mask Layout 
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Features 


Pin Compatible with Bipolar 8289 


Performance Compatible with: 
* BOCRGB0CES a ciccwven saws dace nenn wowa (5/8MHz) 


Provides Multi-Master System Bus Control and 
Arbitration 


Provides Simple Interface with 82C88/8288 Bus 
Controller 


Synchronizes 80C86/8086, 80C88/8088 Processors 
with Multi-Master Bus 


Bipolar Drive Capability 


Four Operating Modes for Flexible System Configura- 
tion 


Low Power Operation 


~ ICOSE civics veteew esr scessascsanes 10y,A (Max) |CP82C89 «20 Ld PDIP | 0°Cto+70°C =] E20.3 | 
« JCCOP caccvseesnsevevawnes eens 1mA/MHz (Max) | -40°C to +85°C [E203 | 


Description 


The Harris 82C89 Bus Arbiter is manufactured using a self- 
aligned silicon gate CMOS process (Scaled SAJI IV). This cir- 
cuit, along with the 82C88 bus controller, provides full bus arbi- 
tration and control for multi-processor systems. The 82C89 is 
typically used in medium to large 80C86 or 80C88 systems 
where access to the bus by several processors must be coordi- 
nated. The 82C89 also provides high output current and capac- 
itive drive to eliminate the need for additional bus buffering. 


Static CMOS circuit design insures low operating power. The 
advanced Harris SAJI| CMOS process results in perfor- 
mance equal to or greater than existing equivalent products 
at a significant power savings. 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


e Operating Temperature Ranges CS82C89 20 Ld PLCC 0°C to+70°C =|. N20.35 ad} 
COC ni veereskretideenwaennns 0°C to +70°C =| 1S82C89 -40°C to +85°C _|N20.35 | ne 
# (B2COS . cin cswacssmexeeeennaanee -40°C to +85°C + | CD82C89 20 Ld 0°C to+70°C | F20.3 re) ul 
- MB2C89 0... eee eee eee eee -55°C to +125°C  [1D82C89 CERDIP = [40°C to +85°C [F203 = 
MD82C89/B -55°C to +125°C | F20.3 7 
5962-8552801RA SMD# F20.3 O. 
MR82C89/B -55°C to +125°C | J20.A 
5962-85528012A J20.A 
Pinouts 
82C89 (CERDIP) 82C89 (PLCC, CLCC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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Functional Diagram 
ARBITRATION 
™ 
MULTIBUS MULTIBUS 
oa INTERFACE COMMAND 
S2 SIGNALS 
80C86/ Sy | || STATUS 
80C88 
— | | DECODER 
STATUS 0 
LOCK 
CLK 
CONTROL/ GROLCI 
STRAPPING Rae CONTROL em 
OPTIONS | aNyROST 
ay me oe SYSTEM 
SIGNALS 


+5V GND 


MULTIBUS"™ Is AN INTEL CORP. TRADEMARK 


Pin Description 


PIN 
SYMBOL | wween | TYPE DESCRIPTION 
= Voc: The +5V Power supply pin. A 0.1u.F capacitor between pins 10 and 20 is recommended for 
decoupling. 


1, 18-19 STATUS INPUT PINS: The status input pins from an 80C86, 80C88 or 8089 processor. The 
82C89 decodes these pins to initiate bus request and surrender actions. (See Table 1). 
CLOCK: From the 82C84A or 82C85 clock chip and serves to establish when bus arbiter actions 
are initiated. 
LOCK: A processor generated signal which when activated (low) prevents the arbiter from surren- 
dering the multi-master system bus to any other bus arbiter, regardless of its priority. 

CRQLCK COMMON REQUEST LOCK: An active low signal which prevents the arbiter from surrendering the 

multi-master system bus to any other bus arbiter requesting the bus through the CBRQ input pin. 
7 ui 

requests the use of the multi-master system bus, the bus is surrendered as soon as it is possible). 
When ANYRQST is strapped low, the bus is surrendered according to Table A in Design Informa- 


ANYRQST 14 
the present bus cycle. Strapping CBRQ low and ANYRQST high forces the 82C89 arbiter to sur- 
BRE 


RESIDENT BUS: A strapping option to configure the arbiter to operate in systems having both a 
multi-master system bus and a Resident Bus. Strapped high, the multi-master system bus is re- 
quested or surrendered as a function of the SYSB/RESB input pin. Strapped low, the SYSB/RESB 
input is ignored. 


ANY REQUEST: A strapping option which permits the multi-master system bus to be surrendered 
to a lower priority arbiter as if it were an arbiter of higher priority (i.e., when a lower priority arbiter 


tion. If ANYRQST is strapped high and CBRQ is activated, the bus is surrendered at the end of 
render the multi-master system bus after each transfer cycle. Note that when surrender occurs 


Q is driven false (high). 
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PIN 
SYMBOL meer TYPE DESCRIPTION 


BUS CLOCK: The multi-master system bus clock to which all multi-master system bus interface 
signals are synchronized. 


BUS REQUEST: An active low output signal in the Parallel Priority Resolving Scheme which the 
arbiter activates to request the use of the multi-master system bus. 


10 BUS: A strapping option which configures the 82C89 Arbiter to operate in systems having both 
an IO Bus (Peripheral Bus) and a multi-master system bus. The arbiter requests and surrenders 
the use of the multi-master system bus as a function of the status line, S2. The multi-master sys- 
tem bus is permitted to be surrendered while the processor is performing |O commands and is 
requested whenever the processor performs a memory command. Interrupt cycles are assumed 
as coming from the peripheral bus and are treated as an |O command. 


ADDRESS ENABLE: The output of the 82C89 Arbiter to the processor’s address latches, to the 
82C88 Bus Controller and 82C84A or 82C85 Clock Generator. AEN serves to instruct the Bus 
Controller and address latches when to three-state their output drivers. 


INITIALIZE: An active low multi-master system bus input signal used to reset all the bus arbiters 
on the multi-master system bus. After initialization, no arbiters have the use of the multi-master 
system bus. 


SYSTEM BUS/RESIDENT BUS: An input signal when the arbiter is configured in the System/Res- 
ident Mode (RESB is strapped high) which determines when the multi-master system bus is re- 
quested and multi-master system bus surrendering is permitted. The signal is intended to originate 
from a form of address-mapping circuitry, such as a decoder or PROM attached to the resident 
address bus. Signal transitions and glitches are permitted on this pin from 61 of T4 to 61 of T2 of 
the processor cycle. During the period from 61 of T2 to 61 of T4, only clean transitions are permit- 
ted on this pin (no glitches). If a glitch occurs, the arbiter may capture or miss it, and the multi-mas- 
ter system bus may be requested or surrendered, depending upon the state of the glitch. The 
arbiter requests the multi-master system bus in the System/Resident Mode when the state of the 
SYSB/RESB pin is high and permits the bus to be surrendered when this pin is low. 


COMMON BUS REQUEST: An input signal which instructs the arbiter if there are any other arbi- 
ters of lower priority requesting the use of the multi-master system bus. 


The CBRQ pins (open-drain output) of all the 82C89 Bus Arbiters which surrender to the multi- 
master system bus upon request are connected together. 


The Bus Arbiter running the current transfer cycle will not itself pull the CBRQ line low. Any other 
arbiter connected to the CDRQ line can request the multi-master system bus. The arbiter presently 
running the current transfer cycle drops its BREQ signal and surrenders the bus whenever the 
proper surrender conditions exist. Strapping CBRQ low and ANYRQST high allows the multi-mas- 
ter system bus to be surrendered after each transfer cycle. See the pin definition of ANYRQST. 


BUS PRIORITY IN: The active low signal returned to the arbiter to instruct it that it may acquire the 
multi-master system bus on the next falling edge of BCLK. BPRN active indicates to the arbiter that 
it is the highest priority requesting arbiter presently on the bus. The loss of BPRN instructs the ar- 
biter that it has lost priority to a higher priority arbiter. 


BUS PRIORITY OUT: An active low output signal used in the serial priority resolving scheme 
where BPRO is daisy-chained to BPRN of the next lower priority arbiter. 


BUSY: An active low open-drain multi-master system bus interface signal used to instruct all the 
arbiters on the bus when the multi-master system bus is available. When the multi-master system 
bus is available the highest requesting arbiter (determined by BPRN) seizes the bus and pulls 
BUSY low to keep other arbiters off of the bus. When the arbiter is done with the bus, it releases 
the BUSY signal, permitting it to go high and thereby allowing another arbiter to acquire the multi- 
master system bus. 
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Functional Description 


The 82C89 Bus Arbiter operates in conjunction with the 
82C88 Bus Controller to interface 80C86, 80C88 processors 
to a multi-master system bus (both the 80C86 and 80C88 
are configured in their max mode). The processor is 
unaware of the arbiter’s existence and issues commands as 
though it has exclusive use of the system bus. If the proces- 
sor does not have the use of the multi-master system bus, 
the arbiter prevents the Bus Controller (82C88), the data 
transceivers and the address latches from accessing the 
system bus (e.g. all bus driver outputs are forced into the 
high impedance state). Since the command sequence was 
not issued by the 82C88, the system bus will appear as “Not 
Ready” and the processor will enter wait states. The proces- 
sor will remain in Wait until the Bus Arbiter acquires the use 
of the multi-master system bus whereupon the arbiter will 
allow the bus controller, the data transceivers, and the 
address latches to access the system. Typically, once the 
command has been issued and a data transfer has taken 
place, a transfer acknowledge (XACK) is returned to the pro- 
cessor to indicate “READY” from the accessed slave device. 
The processor then completes its transfer cycle. Thus the 
arbiter serves to multiplex a processor (or bus master) onto 
a multi-master system bus and avoid contention problems 
between bus masters. 


Arbitration Between Bus Masters 


In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer cycle. 
Lower priority bus masters obtain the bus when a higher pri- 
ority master is not accessing the system bus. A strapping 
option (ANYRQST) is provided to allow the arbiter to surren- 
der the bus to a lower priority master as though it were a 
master of higher priority. If there are no other bus masters 
requesting the bus, the arbiter maintains the bus so long as 
its processor has not entered the HALT State. The arbiter will 
not voluntarily surrender the system bus and has to be forced 
off by another master’s bus request, the HALT State being 
the only exception. Additional strapping options permit other 
modes of operation wherein the multi-master system bus is 
surrendered or requested under different sets of conditions. 


Priority Resolving Techniques 


Since there can be many bus masters on a multi-master sys- 
tem bus, some means of resolving priority between bus 
masters simultaneously requesting the bus must be pro- 
vided. The 82C89 Bus Arbiter provides several resolving 
techniques. All the techniques are based on a priority con- 
cept that at a given time one bus master will have priority 
above all the rest. There are provisions for using parallel pri- 
ority resolving techniques, serial priority resolving tech- 
niques, and rotating priority techniques. 


Parallel Priority Resolving 


The parallel priority resolving technique uses a separate bus 
request line BREQ for each arbiter on the multi-master sys- 
tem bus, see Figure 1. Each BREQ line enters into a priority 
encoder which generates the binary address of the highest 
priority BREQ line which is active. The binary address is 


decoded by a decoder to select the corresponding BPRN 
(Bus Priority In) line to be returned to the highest priority 
requesting arbiter. The arbiter receiving priority (BPRN true) 
then allows its associated bus master onto the multi-master 
system bus as soon as it becomes available (i.e., the bus is 
no longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it must 
wait until the present bus transaction is complete. Upon 
completing its transaction the present bus occupant recog- 
nizes that it no longer has priority and surrenders the bus by 
releasing BUSY. BUSY is an active low “OR” tied signal line 
which goes to every bus arbiter on the system bus. When 
BUSY goes inactive (high), the arbiter which presently has 
bus priority (BPRN true) then seizes the bus and pulls BUSY 
low to keep other arbiters off of the bus. See waveform tim- 
ing diagram, Figure 2. Note that all multimaster system bus 
transactions are synchronized to the bus clock (BCLK). This 
allows the parallel priority resolving circuitry or any other pri- 
ority resolving scheme employed to settle. 


74HC148 


74HC138 
PRIORITY x 3T0 8 
ENCODER ENCODER 


® 


FIGURE 2. HIGHER PRIORITY ARBITER OBTAINING THE BUS 
FROM A LOWER PRIORITY ARBITER 
NOTES: 


1. Higher priority bus arbiter requests the Multi-Master system bus. 
2. Attains priority. 

3. Lower priority bus arbiter releases BUSY. 

4 


. Higher priority bus arbiter then acquires the bus and pulls BUSY 
down. 
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Serial Priority Resolving 


The serial priority resolving technique eliminates the need 
for the priority encoder-decoder arrangement by daisychain- 
ing the bus arbiters together, connecting the higher priority 
bus arbiters BPRO (Bus Priority Out) output to the BPRN of 
the next lower priority. See Figure 3. 


CBRQ BUSY 

FIGURE 3. SERIAL PRIORITY RESOLVING 
NOTE: The number of arbiters that may be daisy-chained together 
in the serial priority resolving scheme is a function of BCLK and the 


propagation delay from arbiter to arbiter. Normally, at 1OMHz only 3 
arbiters may be daisychained. 


Rotating Priority Resolving 


The rotating priority resolving technique is similar to that of 
the parallel priority resolving technique except that priority is 
dynamically re-assigned. The priority encoder is replaced by 
a more complex circuit which rotates priority between 
requesting arbiters thus allowing each arbiter an equal 
chance to use the multi-master system bus, over time. 


Which Priority Resolving Technique To Use 


There are advantages and disadvantages for each of the 
techniques described above. The rotating priority resolving 
technique requires substantial external logic to implement 
while the serial technique uses no external logic but can 
accommodate only a limited number of bus arbiters before the 
daisy-chain propagation delay exceeds the multimaster’s sys- 
tem bus clock (BCLK). The parallel priority resolving tech- 
nique is in general a good compromise between the other two 


techniques. It allows for many arbiters to be present on the 
bus while not requiring too much logic to implement. 


82C89 Modes Of Operation 


There are two types of processors for which the 82C89 will 
provide support: An Input/Output processor (i.e. an NMOS 
8089 IOP) and the 80C86, 80C88. Consequently, there are 
two basic operating modes in the 82C89 bus arbiter. One, 
the IOB (I/O Peripheral Bus) mode, permits the processor 
access to both an I/O Peripheral Bus and a multi-master sys- 
tem bus. The second, the RESB (Resident Bus mode), per- 
mits the processor to communicate over both a Resident 
Bus and a multi-master system bus. An I/O Peripheral Bus is 
a bus where all devices on that bus, including memory, are 
treated as I/O devices and are addressed by I/O commands. 
All memory commands are directed to another bus, the 
multi-master system bus. A Resident Bus can issue both 
memory and I/O commands, but it is a distinct and separate 
bus from the multi-master system bus. The distinction is that 
the Resident Bus has only one master, providing full avail- 
ability and being dedicated to that one master. 


The IOB strapping option configures the 82C89 Bus Arbiter 


into the |OB mode and the strapping option RESB config- 
ures it into the RESB mode. It might be noted at this point 
that if both strapping options are strapped false, the arbiter 
interfaces the processor to a multi-master system bus only 
(see Figure 4). With both options strapped true, the arbiter 
interfaces the processor to a multi-master system bus, a 
Resident Bus, and an I/O Bus. 


In the IOB mode, the processor communicates and controls 
a host of peripherals over the Peripheral Bus. When the |/O 
Processor needs to communicate with system memory, it 
does so over the system memory bus. Figure 5 shows a pos- 
sible I/O Processor system configuration. 


The 80C86 and 80C88 processors can communicate with a 
Resident Bus and a multi-master system bus. Two bus con- 
trollers and only one Bus Arbiter would be needed in such a 
configuration as shown in Figure 6. In such a system config- 
uration the processor would have access to memory and 
peripherals of both busses. Memory mapping techniques are 
applied to select which bus is to be accessed. The 
SYSB/RESB input on the arbiter serves to instruct the arbi- 
ter as to whether or not the system bus is to be accessed. 
The signal connected to SYSB/RESB also enables or dis- 
ables commands from one of the bus controllers. A sum- 
mary of the modes that the 82C89 has, along with its 
response to its status lines inputs, is shown in Table 1. 
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FIGURE 4. TYPICAL MEDIUM COMPLEXITY CPU SYSTEM 
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FIGURE 5. TYPICAL MEDIUM COMPLEXITY IOB SYSTEM 
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FIGURE 6. 82C89 BUS ARBITER SHOWN IN SYSTEM - RESIDENT BUS CONFIGURATION 
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NOTE: By adding another 82C89 arbiter and connecting its AEN to the 82C88 whose AEN is presently grounded, the processor could have 


access to two multi-master buses. 
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TABLE 1. SUMMARY OF 82C89 MODES, REQUESTING AND RELINQUISHING THE MULTI-MASTER SYSTEM BUS 


SINGLE LINES FROM RESB MODE ONLY 1OB MODE RESB MODE 
80C86 OR 80C88 OR 8088 1OB MODE 1OB = HIGH, RESB = HIGH 1OB = LOW, RESB = HIGH SINGLE BUS 
a ONLY MODE 
1/0 0 
Commands 


10B = LOW SYSB/RESB = | SYSB/RESB = | SYSB/RESB= | SYSB/RESB = 10B = HIGH 
RESB = LOW HIGH LOW HIGH LOW RESB = LOW 


Memory 
Commands 


NOTES: 
1. X = Multi-Master System Bus is allowed to be Surrendered. 
2. t = Multi-Master System Bus is Requested. 


MULTI-MASTER SYSTEM BUS 


SURRENDERED* 


Single Bus Multi-Master Mode | IOB = High 
RESB = Low 


RESB Mode Only IOB = High SYSB/RESB + High « (SYSB/RESB = Low + TI) « 
RESB = High ACTIVE STATUS CBRQ + HLT + HPBRQ 

|OB Mode Only 1OB = Low Memory Commands (I/O Status + Tl) * CBRQ + HLT + 
RESB = Low HPBRQ 


IOB Mode RESB Mode 1OB = Low (Memory Command) « (I/O Status Commands) + 
RESB = High (SYSB/RESB = High) SYSB/RESB = Low) ¢ CBRQ + 
HPBRQ + HLT 


CMOS 
PERIPHERALS 


NOTES: 
* LOCK prevents surrender of Bus to any other arbiter, CRQLCK prevents surrender of Bus to any lower priority arbiter. 
** Except for HALT and Passive or IDLE Status. 
+ HPBRQ, Higher priority Bus request or BPRN = 1. 
1. IOB Active Low. 
. RESB Active High. 
. +is read as “OR” and ¢ as “AND” 
. Tl = Processor Idle Status S2, $1, SO = 111 


. HLT = Processor Halt Status S2, S1, SO = 011 


a ff W NY 
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Absolute Maximum Ratings Thermal Information 

Supply Voltage... 0... ccc eee eee eee eens +8.0V Thermal Resistance Oya (CCIW) By (PCC/W) 

Input, Output or I/O Voltage ........... GND -0.5V to Voc +0.5V CERDIP Package ................ 80 20 

ESD CISSSINCAION 222 cacccccivesevinwsenavnsewewes Class 1 CLCC Package ..............005. 90 24 

PDIP POCKEGG iv cinerea vcs au news 75 N/A 

Operating Conditions PLOC Package ....ccccasacesccns 75 N/A 

Operating Voltage Range.............seeee ee. +4.5V to +5.5V Storage Temperature AGUNG: 660s i cntew won ites -65°C to +150°C 

Operating Temperature Range Maximum Junction Temperature ; 
CB2C89. coc c cece ec eee. 0°C to +70°C CONSIIC FEGCKROG o0dk oawa ccsew ceed deed eneeneees +175°C 
182089...................... “40°C to +85°C Plastic Package... a. scscueseeesacrectabaneaucas +150°C 
M82CB9 ......... cece cece ceece cece 55°C to +125°C Maximum Lead Temperature (Soldering 10s)............ +300°C 


(PLCC - Lead Tips Only) 
Die Characteristics 
Gale Count .4 x ccaccviwanwacxwa ed uae setae keee¥rs 200 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vcc = 5.0V + 10%; 

Ta = 0°C to +70°C (C82C89); 
Ta = -40°C to +85°C (182C89); 
Ta = -55°C to +125°C (M82C89) 


SYMBOL PARAMETER | MIN | MAX UNITS TEST CONDITIONS 


i [eseemwr Le LL [ies 
V M82C89, Note 1 
PA 
[we [ixtopenowreanvenee Peres t = [vf 
we [extogeremoreavoree | feaves[ yf 


VoL Output Low Voltage 
BUSY, CBRQ 0.45 V 
AEN 0.45 V 
BPRO, BREQ 0.45 V 
VOH1 Output High Voltage Open-Drain 
BUSY, CBRQ 
VOH2 Output High Voltage 3.0 V loH = -2.5mMA 
All Other Outputs Vcc -0.4 V lon = -100pA 
po | Input Leakage Current Vin = GND or Vcc, DIP Pins 1-6, 9, 14-19 
p10 /O Leakage Vo = GND or Voc, DIP Pins 11-12 
pA 


ICCSB Standby Power Supply |. pA Voc = 5.5V, Vin = Voc or GND, Outputs Open 
ICCOP Operating Power Supply Current | * | 1 Voc = 5.5V, Outputs Open, Note 2 


NOTES: 
1. Does not apply to IOB, RESB, or ANYRQST. These are strap options and should be held to VCC or GND. 
2. Maximum current defined by CLK or BCLK, whichever has the highest operating frequency 


Capacitance T, = +25°C 


TEST CONDITIONS 


FREQ = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications Vcc = 5.0V + 10%; GND = OV: 
0°C to +70°C (C82C89); 
Ta = -40°C to +85°C (182C89); 
Ta = -55°C to +125°C (M82C89) 


A 
[sweat anaweren [wna unit [rear conomons 
Tare [oxcmerme i mf pm 
CS 
GO 
a 
RS 


(9) TCBSBL CBRQJT Setup to BCLKL 


(10) TBLBL CLK Cycle Time 
Ls 


B 
(11)  TBHCL BCLK High Time 
[ 


(12) TCLLL1 OCK Inactive Hold 
(13) TCLLL2 LOCK Active Setup 
(14) TPNBL BPRNIT to BCLK Setup Time 


(15) TCLSR1 SYSB/RESB Setup 
(16) TCLSR2 SYSB/RESB Hold 
B 


K 
40 
(17)  TIVIH Initialization Pulse Width 675 
(18) TBLBRL BCLK to BREQ Delay!T 
K to 


(19) TBLPOH BCLK to BPROLT Note 1 and 3 


(20) TPNPO BPRNIT to BPROLT Delay 
(21) TBLBYL BCLK to BUSY Low pNoteS 
(23) TCLAEH CLK to AEN High 


(24) TBLAEL LK to AEN Low 


(25) TBLCBL BCLK to CBRQ Low 


| 


(26) TBLCBH BCLK to CBRQ Float 


(27) TOLOH Output Rise Time 
(28) TOHOL Output Fall Time 


(29) TILIH Input Rise Time 


From 0.8V to 2.0V 
(30) TIHIL Input Fall Time From 2.0V to 0.8V 
NOTES: 


1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRON. 
2. Measured at 0.5V above GND. 

3. All AC parameters tested as per AC test load circuits. Input rise and fall times are driven at 1ns/V. 

4. Except BUSY and CBRQ 


Note 2 and 3 
From 0.8V to 2.0V, Note 4 
From 2.0V to 0.8V, Note 4 


= 
ce) 
mal 
@ 
ié) 
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AC Test Load Circuits 
BUSY, CBRQ LOAD CIRCUIT AEN LOAD CIRCUIT BPRO, BREQ LOAD CIRCUIT 
2.5V 
: 2.9V 2.9V 
1020 
subentecea 157.20 249.62 
ieee POINT se DEVICE POINT cee DEVICE poner 
T UNDER TEST UNDER TEST 


100pF 
100pF 100pF 
ue L (NOTE) ar (NOTE) 


NOTE: Includes Stray and Jig Capacitance 


AC Testing Input, Output Waveform 


INPUT OUTPUT 
Vin +0.4V VOH AC Testing: Inputs are driven at Vj +0.4V for a logic “1” and Vy, 
1.5V 1.5V -0.4V for a logic “O”. The clock is driven at Voc -0.4V and 0.4V. Tim- 
ing measurements are made at 1.5V for both a logic “1” and “O”. 
Vit -0.4V VoL 
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Timing Waveform 


STATE ——T4—>|—= Ti <— T2 << T3 — |< T4 —> 
(1) |< TCLCL—>|<——_»> 
CLK ioe 
6) 
THVCH : 
" ’ 
$2, $7, SO ‘ 
(12) 
TCLLL1 —» 


om ‘_\ 
(SEE NOTE 1) 


TCLSR1 (15) —= 
AEN 
(SEE NOTE 3) 


—#— (24) ae 
PROCESSOR CLK RELATED TBLAEL TCLAEH 
BUS CLK RELATED (11 TBLBL 
TBHCL — (10) —a 
BCLK 
(18) TBLBRL 
BREQ #2 
BPRN #2 
(BPRO #1) 
BPRO #2 (20) 
(BPRN #3) TPnPO au Se eee Se es = 
~<— TBYSBL (8) 
ss \_* 
(25) TBLCBL aon a ae TBLBYL (21) 
L 
cre 2 fF 
TCBSBL (9) 


(26) TBLCBH —>!| |<=<— 


NOTES: 


1. LOCK active can occur during any state, as long as the relationships shown above with respect to the CLK are maintained. LOCK inactive 
has no critical time and can be asynchronous. CRQLCK has no critical timing and is considered an asynchronous input signal. 


2. Glitching of SYSB/RESB is permitted during this time. After 62 of T1, and before 61 of T4, SYSB/RESB should be stable to maintain sys- 
tem efficiency. 


3. AEN leading edge is related to BCLK, trailing edge to CLK. The trailing edge of AEN occurs after bus priority is lost. 
ADDITIONAL NOTES: 


The signals related to CLK are typical processor signals, and do not relate to the depicted sequence of events of the signals referenced to 
BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for illustration. Assume 3 bus arbiters of priori- 
ties 1, 2 and 3 configured in serial priority resolving scheme (as shown in Figure 3). Assume arbiter 1 has the bus and is holding BUSY low. 
Arbiter #2 detects its processor wants the bus and pulls low BREQ #2. If BPRN #2 is high (as shown), arbiter #2 will pull low CBRQ line. 
CBRQ signals to the higher priority arbiter #1 that a lower priority arbiter wants the bus. [A higher priority arbiter would be granted BPRN 
when it makes the bus request rather than having to wait for another arbiter to release the bus through CBRQ]. *Arbiter #1 will relinquish the 
multi-master system bus when it enters a state not requiring it (see Table 1), by lowering its BPRO #1 (tied to BPRN #2) and releasing BUSY. 
Arbiter #2 now sees that is has priority from BPRN #2 being low and releases CBRQ. As soon as BUSY signifies the bus is available (high), 
arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if arbiter #2 didn’t want the bus at the time it received priority, it would pass 
priority to the next lower priority arbiter by lowering its BPRO #2 [TPNPO]. 


Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus. 
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Burn-In Circuits 


MD82C89 CERDIP 
Vec 
R2 C1 
. R2 a = R2 v 
F13 | 2 | 19 F6 
R2 R2 
F14 Ww | 3 | 18] a FS 
F12 Ww 4 | WV FO 
FO WV 5 | 16 WV F9 
Voc vv 6 | 15) WV F10 
a tn 
° a el— Ww 
10 14) 
\/ 
MR82C89 CLCC 


Vcc 


Fi4 F13 F7 F6 


R2|R2 |R2 R2 


R2 
F5 
R2 
FO 
F9 
F10 
R2 
F11 


NOTES: 
1. Voc = 5.5V + 0.5V, GND = OV 
2. Vin = 4.5V + 10%, Vi, = -0.2V to +0.4V 


3. Components Values: 
R1 = 1.2kQ, 1/4W, 5% 
R2 = 47kQ, 1/4W, 5% 
C1 =0.01nF minimum 
FO = 100kHz + 10% 
Fi = FO/2 
P22 Fi2. . + 
F14 = F13/2 


4-356 


82C89 


Die Characteristics 


DIE DIMENSIONS: 
92.9 x 95.7 x 19 + Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA +2kA 


GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA - okA 


WORST CASE CURRENT DENSITY: 
1.8 x 10° A/em 


Metallization Mask Layout 


82C89 


RESB 2 : 
— a is = oy RON rods ie 
5 ee ee 
BELS aU 4 Toet nels pred BINT men 
—& & ear $s Rants rum 4 a sat atc eae it 
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MICROPROCESSOR 


PRODUCTS 


CMOS DATA COMMUNICATIONS 


CMOS Data Communications Data Sheets 


82C50A 
82C52 


CDP1854A, 
CDP1854AC 


CDP1854A/3, 
CDP1854AC/3 


CDP6402, 
CDP6402C 


HD-4702 
HD-4702/883 
HD-6402 
HD-6402/883 
HD-6408 
HD-6409 
HD-6409/883 
HD-15530 
HD-15531 
HD-15531/883 
HS-3182 
HS-3282 
ICL232 
HIN200 thru HIN213 


HIN230 thru HIN241 


PAGE 
CMOS Asynchronous Communications Element ........ 0.0... e cece ee eee eee 5-3 
CMOS Solidi COnvOller MANSES bcc s case asc ensa rt ade secteur ena serendesseannecagas 5-24 
Programmable Universal Asynchronous Receiver/Transmitter (UART).................06. 5-42 
High Reliability CMOS Programmable Universal Asynchronous 
ReCeiVer TTANSIer (VAR) ccescovcacsewaveces d¢408 btn dR GNe ROGER E EEE EOS 5-62 
CMOS Universal Asynchronous Receiver/Transmitter (UART) ............-- 0c eee ee ee eee 5-74 
CMOS Programmable Bit Rate Generator ............ 2... ee ee eee eee eens 5-86 
CMOS Progranimabie Bit Rate Generator ...2.522cccccccrveiecawteasvaean tema wanna’ 5-93 
CMOS Universal Asynchronous Receiver Transmitter (UART) ...............--00 2 ee eee 5-100 
CMOS Universal Asynchronous Receiver Transmitter (UART) .............. 0... eee eee 5-107 
CMOS Asynchronous Serial Manchester Adapter (ASMA). ............. 0020 e eee eens 5-113 
CMOS Manchester EncoderDecodeY.. 2.2266 cseeseccansnsiveevasesaseersereiews nan 5-123 
CMOS Manchester Encoder-Decoder............. 0... cece eee reenter eee eens 5-135 
ConmiOa Manctiesier Encecer Decode. a4 exces vecsvnvas newb dw Cee eed eee eee ewe 5-142 
CMOS Manchester EricdderDGcoder....... 0c sc cc cee eee cecee ees teeuatebareeseveubnan 5-154 
CMOS Manchester Encoder-Decoder.............. 2... eee eee eee eee eee reece eee eee 5-170 
ARINC 429 Bus Interface Line Driver Circuit.............. 2. ce eee ee eens 5-178 
CMOS ARING Bus INISHa6e ONGUE «cccane cere sweden seaee heath anne aw ceweennw es 5-183 
+5V Powered Dual RS-232 Transmitter/Receiver......... 0... . cee eee ee eee 5-198 
+5V Powered RS-232 Transmitters/Receivers with 
O.AMistotarad Exteial CapaGiOlS 2. ccc i cistcceiesad aseneeas shes aeee a btetascev aa 5-203 
+5V Powered RS-232 Transmitters/Receivers . 0.0.0.0... cece ce eee teen enes 5-216 
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GD 
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Features 

Single Chip UART/BRG 

DC to 625K Baud (DC to 10MHz Clock) 
Crystal or External Clock Input 

On Chip Baud Rate Generator 1 to 65535 Divisor 
Generates 16X Clock 

Prioritized Interrupt Mode 

Fully TTL/CMOS Compatible 
Microprocessor Bus Oriented Interface 
80C86/80C88 Compatible 

Scaled SAJI IV CMOS Process 

Low Power - 1mA/MHz Typical 

Modem Interface 

Line Break Generation and Detection 
Loopback and Echo Modes 

Doubled Buffered Transmitter and Receiver 
Single 5V Supply 


Ordering Information 


[packace | “nance (oy | casxanuo | Wor 
RANGE (°C) 625K BAUD 


Functional Diagram 


PLCC 


CERDIP 


12 MICROPROCESSOR INTERFACE 


INTERRUPT 
ENABLE, 


ID, & CONTROL 


UART 


DISTR 22 
DISTR 21 


DOSTR 19 
DOSTR 18 


COL NN] D] Om] SiO ih j— 


Description 


The 82C50A Asynchronous Communication Element (ACE) 
is a high performance programmable Universal Asynchro- 
nous Receiver/Transmitter (UART) and Baud Rate Genera- 
tor (BRG) on a single chip. Using Harris Semiconductor's 
advanced Scaled SAJI IV CMOS Process, the ACE will 
support data rates from DC to 625K baud (0-10MHz clock). 


The ACE’s receiver circuitry converts start, data, stop, and 
parity bits into a parallel data word. The transmitter circuitry 
converts a parallel data word into serial form and appends 
the start, parity, and stop bits. The word length is program- 
mable to 5, 6, 7, or 8 data bits. Stop bit selection provides a 
choice of 1,1.5, or 2 stop bits. 


The Baud Rate Generator divides the clock by a divisor 
programmable from 1 to 216.1 to provide standard RS-232C 
baud rates when using any one of three industry standard 
baud rate crystals (1.8432MHz, 2.4576MHz, or 3.072MHz). 
A programmable buffered clock output (BAUDOUT) provides 
either a buffered oscillator or 16X (16 times the data rate) 
baud rate clock for general purpose system use. 


To meet the system requirements of a CPU interfacing to an 
asynchronous channel, the modem control signals RTS, 


have been designed with full TTL/CMOS compatibility in 
order to facilitate mixed TTL/NMOS/CMOS system design. 


24 CSOUT 


23 DDIS 


30 INTRPT 


RECEIVER 
1 
wsearus, | eau ete 
A 
AND CONTROL GENERATOR 


TRANSMITTER : 


MODEM CONTROL 
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MODEM STATUS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 5-3 
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Pinouts 


82C50A (PDIP, CERDIP) 
TOP VIEW 


82C50A (PLCC) 
TOP VIEW 
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Pin Description 
PIN ACTIVE 

SYMBOL | NUMBER TYPE LEVEL DESCRIPTION 

DOSTR, 19 H DATA OUT STROBE, DATA OUT STROBE: DOSTR, DOSTR are write inputs which 

DOSTR 18 L cause data from the data bus (DO-D7) to be input to the 82C50A. The data input de- 
inputs CSO, CS1, CS2 enable the DOSTR, DOSTR inputs. 
Only an active DOSTR or DOSTR, not both, is used to transmit data to the 82C50A 
high. lf DOSTR is used as the write input, DOSTR should be tied low. 

DO-D7 1-8 /O DATA BITS 0-7: The Data Bus provides eight, three-state input/output lines for the 
transfer of data, control and status information between the 82C50A and the CPU. 
For character formats of less than 8 bits, D7, D6 and D5 are “don’t cares” for data 
write operations and 0 for data read operations. These lines are normally in a high 
impedance state except during read operations. DO is the Least Significant Bit (LSB) 
and is the first serial data bit to be received or transmitted. 

XTAL1, 16 CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate Generator. 

XTAL2 17 XTAL1 can also be used as an external clock input, in which case XTAL2 should be 
left open. 

SOUT 11 SERIAL DATA OUTPUT: Serial data output from the 82C50A transmitter circuitry. A 
Mark condition when the transmitter is disabled, MR is true, the Transmitter Register 
is empty, or when in the Loop Mode. SOUT is not affected by the CTS input. 
CLEAR TO SEND: The logical state of the CTS pin is reflected in the CTS bit of the 
(MSR) Modem Status Register (CTS is bit 4 of the MSR, written MSR (4)). A change 
DCTS (MSR(O)) of the Modem Status Register. When CTS pin is ACTIVE (low), the 
modem is indicating that data on SOUT can be transmitted on the communications 
data out of SOUT. CTS pin does not affect Loop Mode operation. 

— 


DISTR, H DATA IN STROBE, DATA IN STROBE: DISTR, DISTR are read inputs which cause 
DISTR L the 82C50A to output data to the data bus (D0-D7). The data output depends upon 

the register selected by the address inputs AO, A1, A2. The chip select inputs CSO, 

CS1, CS2 enable the DISTR, DISTR inputs. 

Only an active DISTR or DISTR, not both, is used to receive data from the 82C50A 

during a read operation. If DISTR is used as the read input, DISTR should be tied 

high. If DISTR is used as the active read input, DISTR should be tied low. 

pends upon the register selected by the address inputs AO, A1, A2. The chip select 

during a write operation. If DOSTR is used as the write input, DOSTR should be tied 
AO, A1, 28, 27, H REGISTER SELECT: The address lines select the internal registers during CPU 
A2 26 bus operations. See Table 1. 

Mark (1) is a logic one (high) and Space (0) is a logic zero (low). SOUT is held in the 
crs 

of state in the CTS pin since the previous reading of the MSR causes the setting of 

link. If CTS pin goes INACTIVE (high), the 82C50A should not be allowed to transmit 
ui 


aa 


DATA SET READY: The logical state of the DSR pin is reflected in MSR(5) of the 
Modem Status Register. DDSR (MSR(1)) indicates whether the DSR pin has 
changed state since the previous reading of the MSR. When the DSR pin is ACTIVE 
(low), the modem is indicating that it is ready to exchange data with the 82C50A, 
while the DSR Pin INACTIVE (high) indicates that the modem is not ready for data 
exchange. The ACTIVE condition indicates only the condition of the local Data Com- 
munications Equipment (DCE), and does not imply that a data circuit as been estab- 
lished with remote equipment. 


~ 


DATA TERMINAL READY: The DTR pin can be set (low) by writing a logic 1 to 
MCR(0), Modem Control Register bit 0. This signal is cleared (high) by writing a logic 
0 to the DTR bit (MCR(0)) or whenever a MR ACTIVE (high) is applied to the 
82C50A. When ACTIVE (low), DTR pin indicates to the DCE that the 82C50A is 
ready to receive data. In some instances, DTR pin is used as a power on indicator. 
The INACTIVE (high) state causes the DCE to disconnect the modem from the tele- 
communications circuit. 
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Pin Description (Continued) 


PIN ACTIVE 
SYMBOL | NUMBER TYPE LEVEL DESCRIPTION 


REQUEST TO SEND: The RTS signal is an output used to enable the modem. The 

RTS pin is set low by writing a logic 1 to MCR (1) bit 1 of the Modem Control Regis- 

ter. The RTS pin is reset high by Master Reset. When ACTIVE, the RTS pin indicates 
7 . 7 
: a 
- a 


to the DCE that the 82C50A has data ready to transmit. In half duplex operations, 
RTS is used to control the direction of the line. 


BAUDOUT: This output is a 16X clock out used for the transmitter section (16X = 
16 times the data rate). The BAUDOUT clock rate is equal to the reference oscillator 
frequency divided by the specified divisor in the Baud Rate Generator Divisor Latch- 
es DLL and DLM. BAUDOUT may be used by the Receiver section by tying this out- 
put to RCLK. 


OUTPUT 1: This is a general purpose output that can be programmed ACTIVE 
(low) by settingVCR(2) (OUT1) of the Modem Control Register to a high level. The 
OUT1 pin is set high by Master Reset. The OUT pin is INACTIVE (high) during loop 
mode operation. 


OUTPUT 2: This is a general purpose output that can be programmed ACTIVE 
(low) by setting MCR(3) (OUT1) of the Modem Control Register to a high level. The 
OUT2 pin is set high by Master Reset. The OUT2 signal is INACTIVE (high) during 
loop mode operation. 


RING INDICATOR: When low, RI indicates that a telephone ringing signal has been 
received by the modem or data set. The RI signal is a modem control input whose 
condition is tested by reading MSR(6) (RI). The Modem Status Register output TERI 
(MSR(2)) indicates whether the RI input has changed from a Low to High since the 
previous reading of the MSR. If the interrupt is enabled (JER (3) = 1) and RI changes 
from a Low to High, an interrupt is generated. The ACTIVE (low) state of RI indicates 
that the DCE is receiving a ringing signal. RI will appear ACTIVE for approximately 
the same length of time as the ACTIVE segment of the ringing cycle. The INACTIVE 
state of RI will occur during the INACTIVE segments not detected by the DCE. This 
circuit is not disabled by the INACTIVE condition of DTR. 


DCD 38 i. DATA CARRIER DETECT: When ACTIVE (low), DCD indicates that the data carrier 
has been detected by the modem or data set. DCD is a modem input whose condi- 
tion can be tested by the CPU by reading MSR(7) (DCD) of the Modem Status Reg- 
ister. MSR(3) (DDCD) of the Modem Status Register indicates whether the DCD 
input has changed since the previous reading of the MSR. DOD has no effect on the 
receiver. If the DCD changes state with the modem status interrupt enabled, an in- 
terrupt is generated. 

When DCD is ACTIVE (low), the received line signal from the remote terminal is 
within the limits specified by the DCE manufacturer. The INACTIVE (high) signal in- 
dicates that the signal is not within the specified limits, or is not present. 

35 H MASTER RESET: The MR input forces the 82C50A into an idle mode in which all 
serial data activities are suspended. The Modem Control Register (MCR) along with 
its associated outputs are cleared. The Line Status Register (LSR) is cleared except 
for the THRE and TEMT bits, which are set. The 82C50A remains in an idle state 
until programmed to resume serial data activities. The MR input is a Schmitt trigger 
input. See the DC Electrical Characteristics for Schmitt trigger logic input voltage 
levels. See Table 7 for a summary of Master Reset’s effect on 82C50A operation. 

INTRPT 30 H INTERRUPT REQUEST: The INTRPT output goes ACTIVE (high) when one of the 
following interrupts has an ACTIVE (high) condition and is enabled by the Interrupt 
Enable Register: Receiver Error flag, Received Data Available, Transmitter Holding 
Register Empty, and Modem Status. The INTRPT is reset low upon appropriate ser- 
vice or a MR operation. See Figure 1. Interrupt Control Structure. 

SIN 10 H SERIAL DATAINPUT: The SIN input is the serial data input from the communication 
line or modem to the 82C50A receiver circuits. A mark (1) is high, and a space (0) 
is low. Data inputs on SIN are disabled when operating in the loop mode. 
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DESCRIPTION 
( 


Vcc: +5V positive power supply pin. A 0.1A decoupling capacitor from Voc (pin 
40) to GND (pin 20) is recommended. 


Pin Description (continued) 
PIN ACTIVE 
SYMBOL | NUMBER TYPE LEVEL 
vet e ] oft 
by the ADS input. 


H 


29 
CSOUT 24 CHIP SELECT OUT: When ACTIVE (high), this pin indicates that the chip has been 
selected by active CSO, CS1, and CS2 inputs. No data transfer can be initiated until 
CSOUT is a logic 1, ACTIVE (high). 


23 H DRIVER DISABLE: This output is INACTIVE (low) when the CPU is reading data 
from the 82C50A. An ACTIVE (high) Dells output can be used to disable an external 
transceiver when the CPU is reading data. 


CHIP SELECT: The Chip Select inputs act as enable signals for the write (DOSTR, 
DOSTR) and read (DISTR, DISTR) input signals. The Chip Select inputs are latched 


ADDRESS STROBE: When ACTIVE (low), ADS latches the Register Select (AO, 
A1, A2) and Chip Select (CSO, CS1, CS2) inputs. An active ADS is required when 
the Register Select pins are not stable for the duration of the read or write operation, 
multiplexed mode. If not required, the ADS input should be tied low, non-multiplexed 


This input is the 16X Baud Rate Clock for the receiver section of the 82C50A. This 
input may be provided from the BAUDOUT output or an external clock. 
Block Diagram 


(1 - 8) DATA BUS RECEIVER BUFFER RECEIVER SHIFT [19 cin 
D7 - DO BUFFER REGISTER 57 | RECEIVER 
9) 
40 _ LINE CONTROL | Ls RECEIVER TIMING | ( bisa 
Pt 20 Lele REGISTER & CONTROL 


28 | 
AO a DIVISOR ‘ 
LATCH (L 5 BAUDOUT 

Mts re Kocas + amet 
A2 DIVISOR 

- LATCH (MS) 
oo 13 SELECT 
CcSs1 i) & 


LINESTATUS fs 
CS2 14 CONTROL REGISTER —]__ TRANSMITTER 
_ (25) LOGIC a — a. TIMING & CONTROL 
35 
MR TRANSMITTER Jf (11 


DISTR = HOLDING REGISTER 
‘DISTR 
19 32 RTs 
DOSTR “= 3 
DOSTR (18) MODEM CONTROL Sy > DIR 
DpDIS (23) > OUTi 
CSOUT (24) ——> OUT? 
i6 crs 
XTAL1 (16) 37 Ben 
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Accessible Registers 


The three types of internal registers in the 82C50A used in 
the operation of the device are control, status, and data 
registers. The control registers are the Bit Rate Select 
Register DLL and DLM, Line Control Register, Interrupt 
Enable Register and the Modem Control registers, while the 
status registers are the Line Status Registers and the 
Modem Status Register. The data registers are the Receiver 
Buffer Register and Transmitter Holding Register. The 
Address, Read, and Write inputs are used in conjunction 
with the Divisor Latch Access Bit in the Line Control Register 
(LCR(7)) to select the register to be written or read (see 
Table 1.). Individual bits within these registers are referred to 
by the register mnemonic and the bit number in parenthesis. 
An example, LCR(7) refers to Line Control Register Bit 7. 


The Transmitter Buffer Register and Receiver Buffer Regis- 
ter are data registers holding from 5-8 data bits. If less than 
eight data bits are transmitted, data is right justified to the 
LSB. Bit 0 of a data word is always the first serial data bit 
received and transmitted. The 82C50A data registers are 
double buffered so that read and write operations can be 
performed at the same time the UART is performing the par- 
allel to serial and serial to parallel conversion. This provides 
the microprocessor with increased flexibility in its read and 
write timing. 


Line Control Register (LCR) 


LCR | LCR| LCR} LCR|LCR|LCR;|LCR|LCR 
v 6 5 a 3 2 1 0 
ees mani 
Length 


Select 


Stop 
Bit 
Select 


Parity 
Enable 


Even Parity 


Select 


Stick Parity 


Break 
Control 


Divisor 
Latch 
Access Bit 
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TABLE 1. ACCESSING 82C50A INTERNAL REGISTERS 


DLAB| A2 | Ai | AO | MNEMONIC REGISTER 

RBR Receiver Buffer 
Register (read only) 

THR Transmitter Holding 
Register (write only) 

1 Interrupt Enable 

Register 
Interrupt Identifica- 
tion Register 
(read only) 


PPE TT [terre centro 


Register 
TT 
Ev ED 
|e | a 
Lo] ¢ | 


| LSR Line Status Register 

= | Modem Status 
Register 

| SCR Scratch Register 

| DLL Divisor Latch (LSB) 

| LM 


Divisor Latch (MSB 
“Don’t Care”, 0 = Logic Low, 1 = Logic High 


) 


NOTE: X= 


5 Data Bits 
6 Data Bits 
7 Data Bits 
8 Data Bits 


= 1 Stop Bit 
= 1.5 Stop Bits if 5 Data Bit Word Length is Selected 2 Stop Bits if 
6, 7, or 8 Data Bit Word Length is Selected 


0 = Parity Disabled 
1 = Parity Enabled (Generated & Checked) 


0 = Odd Parity When Parity is Enabled 
1 = Even Parity When Parity is Enabled 


0 = Stick Parity Disabled 

1 = When Parity is Enabled Forces the Transmission and Checking 
of a Parity Bit of a Known State. Parity Bit Forced to a Logic 1 if 
LCR (4) = 0 or to a Logic 0 If LCR (4) = 1. 


0 = Break Disabled 
1 = Break Enabled. The Serial Output (SOUT) is Forced to the 
Spacing (Logic 0) State. 


00 
01 
10= 
11= 


0 = Must be Low to Access the Receiver Buffer. Transmitter Holding 
Register or the Interrupt Enable Register. 

1 = Must be High to Access the Divisor Latches DLL and DLM of the 
Baud Rate Generator During a Read or Write Operation. 
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LINE CONTROL REGISTER (LCR) 


The format of the data character is controlled by the Line 
Control Register. The contents of the LCR may be read, 
eliminating the need for separate storage of the line charac- 
teristics in system memory. The contents of the LCR are 
described below. 


LCR Bits 0 thru 7 
LCR (0) Word Length Select Bit 0 (WLSO) 


LCR (1) Word Length Select Bit 1 (WLS1) 
LCR (2) Stop Bit Select (STB) 

LOR (3) Parity Enable (PEN) 

LCR (4) Even Parity Select (EPS) 

LOR (5) Stick Parity 

LOR (6) Set Break 


LCR (7) Divisor Latch Access Bit (DLAB) 


LCR(0) and LCR(1) Word Length Select Bit 0, Word 
Length Select Bit 1: The number of bits in each transmitted 
or received serial character is programmed as follows: 


LCR(2) Stop Bit Select: LCR(2) specifies the number of 
stop bits in each transmitted character. If LCR(2) is a logic 0, 
one stop bit is generated in the transmitted data. If LCR(2) is 
a logic 1 when a 5-bit word length is selected, 1.5 stop bits 
are generated. If LCR(2) is a logic 1 when either a 6-, 7-, or 
8-bit word length is selected, two stop bits are generated. 
The receiver checks for two stop bits if programmed. 


LCR(3) Parity Enable: When LCR(3) is high, a parity bit 
between the last data word bit and stop bit is generated and 
checked. 


LCR(4) Even Parity Select: When parity is enabled 
(LCR(3) = 1), LCR(4) = 0 selects odd parity, and LCR(4) = 1 
selects even parity. 


LCR(5) Stick Parity: When parity is enabled (LCR(3) = 1), 
LCR(5) = 1 causes the transmission and reception of a parity 
bit to be in the opposite state from that indicated by LCR(4). 
This allows the user to force parity to a known state and for 
the receiver to check the parity bit in a known state. 


LCR(6) Break Control: When LCR(6) is set to logic-1, the 
serial output (SOUT) is forced to the spacing (logic 0) state. 
The break is disabled by setting LCR(6) to a logic-0. The 
Break Control bit acts only on SOUT and has no effect on 
the transmitter logic. Break Control enables the CPU to alert 
a terminal in a computer communications system. If the 
following sequence is used, no erroneous or extraneous 
characters will be transmitted because of the break. 


1. Load an all Os pad character in response to THRE. 
2. Set break in response to the next THRE. 


3. Wait for the transmitter to be idle, (TEMT = 1), and clear 
break when normal transmission has to be restored. 


During the break, the transmitter can be used as a character 
timer to accurately establish the break duration. 


LCR(7) Divisor Latch Access Bit (DLAB): LCR(7) must 
be set high (logic 1) to access the Divisor Latches DLL and 
DLM of the Baud Rate Generator during a read or write 
operation. LCR(7) must be input low to access the Receiver 
Buffer, the Transmitter Holding Register, or the Interrupt 
Enable Register. 


LINE STATUS REGISTER (LSR) 


The LSR is a single register that provides status indications. 
The LSR is usually the first register read by the CPU to 
determine the cause of an interrupt or to poll the status of 
the 82C50A. 


Three error flags OE, FE, and PE provide the status of any 
error conditions detected in the receiver circuitry. During 
reception of the stop bits, the error flags are set high by an 
error condition. The error flags are not reset by the absence 
of an error condition in the next received character. The flags 
reflect the last character only if no overrun occurred. The 
Overrun Error (OE) indicates that a character in the Receiver 
Buffer Register has been overwritten by a character from the 
Receiver Shift Register before being read by the CPU. The 
character is lost. Framing Error (FE) indicates that the last 
character received contained incorrect (low) stop bits. This is 
caused by the absence of the required stop bit or by a stop 
bit too short to be detected. Parity Error (PE) indicates that 
the last character received contained a parity error based on 
the programmed and calculated parity of the received 
character. 


The Break Interrupt (BI) status bit indicates that the last 
character received was a break character. A break character 
is an invalid data character, with the entire character, 
including parity and stop bits, logic zero. 


The Transmitter Holding Register Empty (THRE) bit 
indicates that the THR register is empty and ready to receive 
another character. The Transmission Shift Register Empty 
(TEMT) bit indicates that the Transmitter Shift Register is 
empty, and the 82C50A has completed transmission of the 
last character. If the interrupt is enabled (IER(1)), an active 
THRE causes an interrupt (INTRPT). 


The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and that 
the CPU may access this data. 


Reading the LSR clears LSR (1) - LSR (4). (OE, PE, FE and 
Bl). 
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LSR BITS 0 THRU 7 


0 
SAW) OweronerorOe] [ever | Reever 
LSR (2) Parity Error (PE) | Error | No Error 


No Break 


LSR (4) Break Interrupt (Bl) 
LSR (5) Transmitter Holding Empty 
Register Empty (THRE) 


LSR (6) Transmitter Empty (TEMT) 


Not Empty 


Not Empty 


LSR (7) Not Used 


The contents of the Line Status Register are indicated in the 
above table and are described below. 


LSR(0) Data Ready (DR): Data Ready is set high when an 
incoming character has been received and transferred into 
the Receiver Buffer Register. LSR(0) is reset low by a CPU 
read of the data in the Receiver Buffer Register. 


LSR(1) Overrun Error (OE): Overrun Error indicates that 
data in the Receiver Buffer Register was not read by the 
CPU before the next character was transferred into the 
Receiver Buffer Register, overwriting the previous character. 
The OE indicator is reset whenever the CPU reads the con- 
tents of the Line Status Register. 


LSR(2) Parity Error (PE): Parity Error indicates that the 
received data character does not have the correct even or 
odd parity, as selected by the Even Parity Select bit (LCR 
(4)). The PE bit is set high upon detection of a parity error, 
and is reset low when the CPU reads the contents of the 
LSR. 


LSR(3) Framing Error (FE): Framing Error indicates that 
the received character did not have a valid stop bit. LSR(3) is 
set high when the stop bit following the last data bit or parity 
bit is detected as a zero bit (spacing level). The FE indicator 
is reset low when the CPU reads the contents of the LSR. 


LSR(4) Break Interrupt (BI): Break Interrupt is set high 
when the received data input is held in the spacing (logic 0) 
state for longer than a full word transmission time (start bit + 
data bits + parity + stop bits). The B indicator is reset when 
the CPU reads the contents of the Line Status Register. 


LSR(1) - LSR(4) are the error conditions that produce a 
Receiver Line Status interrupt (priority 1 interrupt in the 
Interrupt Identification Register (IIR)) when any of the condi- 
tions are detected. This interrupt is enabled by setting IER 
(2) = 1 in the Interrupt Enable Register. 


LSR(5) ‘Transmitter Holding Register Empty 
(THRE): THRE indicates that the 82C50A is ready to accept 
a new character for transmission. The THRE bit is set high 
when a character is transferred from the Transmitter Holding 
Register into the Transmitter Shift Register. LSR(5) is reset 
low by the loading of the Transmitter Holding Register by the 
CPU. LSR(5) is not reset by a CPU read of the LSR. 


When the THRE interrupt is enabled (IER(1) = 1), THRE 
causes a priority 3 interrupt in the IIR. If THRE is the 
interrupt source indicated in IIR, INTRPT is cleared by a 
read of the IIR. 


LSR(6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the Trans- 
mitter Shift Register (TSR) are both empty. LSR(6) is reset 
low when a character is loaded into the THR and remains 
low until the character is transferred out of SOUT. TEMT is 
not reset low by a CPU read of the LSR. 


LSR(7): This bit is permanently set to logic 0. 
MODEM CONTROL REGISTER (MCR) 


The MCR controls the interface with the modem or data set 
as described below. The MCR can be written and read. The 
RTS, DTR, OUT1 and OUT2 outputs are directly controlled 
by their control bits in this register. A high input asserts a 
low (true) at the output pins. 


MCR BITS 0 THRU 7 
MCR BIT MCR BIT 
LOGIC 1 LOGIC 0 
MCR (0) Data Terminal DTR DTR 
Ready (DTR) Output Low} Output High 
RTS RTS 
Output Low Output High 


MCR_ (1) Request to Send 


(RTS) 


MCR (2) OUT1 OUT1 OUT1 
Output Low} Output High 

MCR (3) OUT2 OUT2 OUT2 
Output Low} Output High 

MCR (4) LOOP LOOP LOOP 
Enabled Disabled 

MCR (5) 0 

MCR 

MCR 


es 
A 
a 


MCR(0): When MCR(0) is set high, the DTR output is forced 
low. When MCR(0) is reset low, the DTR output is forced 
high. The DTR output of the 82C50A may be input into an 
EIA inverting line driver as the 1488 to obtain the proper 
polarity input at the modem or data set. 


MCR(1): When MCR(1) is set high, the RTS output is forced 
low. When MCR(1) is reset low, the RTS output is forced 
high. The RTS output of the 82C50A may be input into an 
EIA inverting line driver as the 1488 to obtain the proper 
polarity input at the modem or data set. 


MCR(2): When MCR(2) is set high, the OUT1 output is 
forced low. When MCR(2) is reset low, the OUT1 output is 
forced high. OUT1 is an user designated output. 


MCR(3): When MCR(3) is set high, the OUT2 output is 
forced low. When MCR(3) is reset low, the OUT2 output is 
forced high. OUT2 is an user designated output. 


MCR(4): MCR(4) provides a local loopback feature for diag- 
nostic testing of the 62C50A. When MCR(4) is set high, 
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Serial Output (SOUT) is set to the marking (logic 1) state, 
and the receiver data input Serial Input (SIN) is discon- 
nected. The output of the Transmitter Shift Register is looped 
back into the Receiver Shift Register input. The four modem 
control inputs (CTS, DSR, DC, and RI) are disconnected. 
The four modem control outputs (DTR, RTS, OUT1 and 
OUT2) are internally connected to the four modem control 
inputs. The modem control output pins are forced to their 
inactive state (high). In the diagnostic mode, data 
transmitted is immediately received. This allows the proces- 


Modem Control Register (MCR) 


MCR 
7 


MODEM STATUS REGISTER (MSR) 


The MSR provides the CPU with status of the modem input 
lines from the modem or peripheral device. The MSR allows 
the CPU to read the modem signal inputs by accessing the 
data bus interface of the 82C50A. In addition to the current 
status information, four bits of the MSR indicate whether the 
modem inputs have changed since the last reading of the 
MSR. The delta status bits are set high when a control input 
from the modem changes state, and reset low when the 
CPU reads the MSR. 


The modem input lines are CTS (pin 36), DSR (pin 37), RI 
(pin 39), and DCD (pin 38). MSR(4) - MSR(7) are status indi- 
cations of these lines. The status indications follow the sta- 
tus of the input lines. If the modem status interrupt in the 
Interrupt Enable Register is enabled (IER(3)), a change of 
state in a modem input signals will be reflected by the 
modem status bits in the IIR register, and an interrupt 
(INTRPT) is generated. The MSR is a priority 4 interrupt. 
The contents of the Modem Status Register are described 
below: 


Note that the state (high or low) of the status bits are 
inverted versions of the actual input pins. 


sor to verify the transmit and receive data paths of the 
82C50A. 


In the diagnostic mode, the receiver and _ transmitter 
interrupts are fully operational. The modem control interrupts 
are also operational, but the interrupt sources are now the 
lower four bits of the MCR instead of the four modem control 
inputs. The interrupts are still controlled by the Interrupt 
Enable Register. 


MCR(5) - MCR(7): These bits are permanently set to logic 0. 


0 = DTR Output High (Inactive) 
1 = DTR Output Low (Active) 


0 = RTS Output High (Inactive) 
1 = RTS Output Low (Active) 


0 = OUT 1 Output High (Inactive) 
1 = OUT 1 Output Low (Active) 


0 = OUT 2 Output High (Inactive) 
1 = OUT 2 Output Low (Active) 


Data Terminal 
Ready 


Request to 
Send 


Out 1 
Out 2 


Loop 0 = Loop Disabled 
1 = Loop Enabled 


These Bits are Permanently Set to a Logic 0. 


MSR BITS 0 THRU 7 


CMSA BHT | MNEMONIG [DESCRIPTION | 

[sry | DSR [Dota Data SotReaay 

MSA) 

MSR) | DSR] Data SetReady 
ar 


MSR (6) Ring Indicator 
MSR (7) Data Carrier Detect 


MSR(0) Delta Clear to Send (DCTS): DCTS indicates that 
the CTS input (Pin-36) to the 82C50A has changed state 
since the last time it was read by the CPU. 


MSR(1) Delta Data Set Ready (DDSR): DDSR indicates 
that the DSR input (Pin-37) to the 62C50A has changed 
state since the last time it was read by the CPU. 


MSR(2) Trailing Edge of Ring Indicator (TERI): TERI indi- 
cates that the RI input (Pin-39) to the 82C50A has Changed 
state from Low to High since the last time it was read by the 
CPU. High to Low transitions on RI do not activate TERI. 


MSR(3) Delta Data Carrier Detect (DDCD): DDCD indi- 
cates that the DCD input (Pin-36) to the 82C50A has 
changed state since the last time it was read by the CPU. 


MSR(4) Clear to Send (CTS): Clear to Send (CTS) is the 
status of the CTS input (Pin-36) from the modem indicating 
to the 82C50A that the modem is ready to receive data from 
the 62C50A transmitter output (SOUT). If the 82C50A is in 
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the loop mode (MCR(4)=1), MSR(4) is equivalent to RTS in 
the MCR. 


MSR(5) Data Set Ready (DSR): Data Set Ready (DSR) is a 
status of the DSR input (Pin-37) from the modem to the 
82C50A which indicates that the modem is ready to provide 
received data to the 82C50A receiver circuitry. If the 82C50A 
is in the loop mode (MCR(4) = 1), MSR(5) is equivalent to 
DTR in the MCR. 


MSR(6) Ring Indicator MSR(6): Indicates the status of the 
RI input (Pin-39). If the 82C50A is in the loop mode (MCR(4) 
= 1), MSR(6) is equivalent to OUT1 in the MCR. 


MSR(7) Data Carrier Detect (MSR(7)): Data Carrier Detect 
indicates the status of the Data Carrier Detect (DCD) input 
(Pin-38). If the 82C50A is in the loop mode (MCR(4) = 1), 
MSR(4) is equivalent to OUT2 of the MCR. 


The modem status inputs (RI, DCD, DSR and CTS) reflect 
the modem input lines with any change of status. Reading 
the MSR register will clear the delta modem status indi- 
cations but has no effect on the status bits. The status 
bits reflect the state of the input pins regardless of the mask 
control signals. If a DCTS, DDSR, TERI, or DDCD are true 
and a state change occurs during a read operation (DISTR, 
DISTR), the state change is not indicated in the MSR. If 
DCTS, DDSR, TERI, or DDCD are false and a state change 
occurs during a read operation, the state change is indicated 
after the read operation. 


For LSR and MSR, the setting of status bits is inhibited 
during status register read (DISTR, DISTR) operations. If a 
status condition is generated during a read (DISTR, DISTR) 
operation, the status bit is not set until the trailing edge of the 
read (DISTR, DISTR). 


If a status bit is set during a read (DISTR, DISTR) operation, 
and the same status condition occurs, that status bit will be 
cleared at the trailing edge of the read (DISTR, DISTR) 
instead of being set again. 


BAUD RATE SELECT REGISTER (BRSR) 


The 82C50A contains a programmable Baud Rate Genera- 
tor (BRG) that divides the clock (DC to 10MHz) by any divi- 
sor from 1 to 218-4 (see also BRG description). The output 
frequency of the Baud Generator is 16X the data rate [divisor 
# = frequency input + (baud rate x 16)]. Two 8-bit divisor 
latch registers store the divisor in a 16-bit binary format. 
These Divisor Latch registers must be loaded during initial- 
ization. Upon loading either of the Divisor Latches, a 16-bit 
Baud counter is immediately loaded. This prevents long 
counts on initial load. 


Sample Divisor Number Calculation: 


Given: Desired Baud Rate 1200 Baud 
Frequency Input 1.8432MHz 

Formula: Divisor # = Frequency Input + (Baud Rate x 16) 
Divisor # = 1843200 + (1200 x 16) 

Answer: _ Divisor # = 96 = 60yFx — DLL = 01100000 


DLM = 00000000 


Check: The Divisor # 96 will divide the input frequency 
1.8432MHz down to 19200 which is 16 times the 


desired baud rate. 


Divisor Latch Least Significant BYTE 


DLL (0) Bit 0 
DLL (1) Bit 1 
DLL (2) Bit 2 
DLL (3) Bit 3 
DLL (4) Bit 4 
DLL (5) Bit 5 
DLL (6) Bit 6 
DLL (7) Bit 7 


Divisor Latch Most Significant BYTE 


DLM (0) Bit 8 
DLM (1) Bit 9 

DLM (2) Bit 10 
DLM (3) Bit 11 
DLM (4) Bit 12 
DLM (5) Bit 13 
DLM (6) Bit 14 
DLM (7) Bit 15 


RECEIVER BUFFER REGISTER (RBR) 


The receiver circuitry in the 82C50A is programmable for 5, 
6, 7 or 8 data bits per character. For words of less than 8 
bits, the data is right justified to the least significant bit (LSB 
= Data Bit 0 (RBR(0)). Data Bit 0 of a data word (RBR(0)) is 
the first data bit received. The unused bits in a character less 
than 8 bits are output low to the parallel output by the 
82C50A. 


Received data at the SIN input pin is shifted into the 
Receiver Shift Register by the 16X clock provided at the 
RCLK input. This clock is synchronized to the incoming data 
based on the position of the start bit. When a complete char- 
acter is shifted into the Receiver Shift Register, the assem- 
bled data bits are parallel loaded into the Receiver Buffer 
Register. The DR flag in the LSR register is set. 


Double buffering of the received data permits continuous 
reception of data without losing received data. While the 
Receiver Shift Register is shifting a new character into the 
82C50A, the Receiver Buffer Register is holding a previously 
received character for the CPU to read. Failure to read the 
data in the RBR before complete reception of the next char- 
acter result in the loss of the data in the Receiver Register. 
The OE flag in the LSR register indicates the overrun condi- 
tion. 


RBR Bits 0 thru 7 


RBR (0) Data Bit 0 
RBR (1) Data Bit 1 
RBR (2) Data Bit 2 
RBR (3) Data Bit 3 
RBR (4) Data Bit 4 
RBR (5) Data Bit 5 
RBR (6) Data Bit 6 
RBR (7) Data Bit 7 
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TRANSMITTER HOLDING REGISTER (THR) 


The Transmitter Holding Register (THR) holds parallel data 
from the data bus (DO-D7) until the Transmitter Shift Register 
is empty and ready to accept a new character for transmis- 
sion. The transmitter and receiver word length and number 
of stop bits are the same. If the character is less than eight 
bits, unused bits at the microprocessor data bus are ignored 
by the transmitter. 


Data Bit 0 (THR(0)) is the first serial data bit transmitted. The 
THRE flag (LSR(5)) reflect the status of the THR. The TEMT 
flag (LSR(6)) indicates if both the THR and TSR are empty. 


THR Bits 0 thru 7 


THR (0) Data Bit 0 
THR (1) Data Bit 1 
THR (2) Data Bit 2 
THR (3) Data Bit 3 
THR (4) Data Bit 4 
THR (5) Data Bit 5 
THR (6) Data Bit 6 
THR (7) Data Bit 7 


SCRATCHPAD REGISTER (SCR) 


This 8-bit Read/Write register has no effect on the 82C50A. 
It is intended as a scratchpad register to be used by the pro- 
grammer to hold data temporarily. 


SCR Bits 0 thru 7 


SCR (0) Data Bit 0 
SCR (1) Data Bit 1 
SCR (2) Data Bit 2 
SCR (3) Data Bit 3 
SOR (4) Data Bit 4 
SCR (5) Data Bit 5 
SOR (6) Data Bit 6 
SCR (7) Data Bit 7 


Interrupt Structure 


INTERRUPT IDENTIFICATION REGISTER (IIR) 


The 82C50A has interrupt capability for interfacing to current 
microprocessors. In order to minimize software overhead 
during data character transfers, the 82C50A prioritizes 
interrupts into four levels. The four levels of interrupt condi- 
tions are as follows: 


Receiver Line Status (Priority 1) 

Received Data Ready (Priority 2) 

Transmitter Holding Register Empty (Priority 3) 
Modem Status (Priority 4). 


PN > 


Information indicating that a prioritized interrupt is pending 
and the type of interrupt is stored in the Interrupt Identifica- 
tion Register (IIR). When addressed during chip select time, 
the IIR indicates the highest priority interrupt pending. No 
other interrupts are acknowledged until the interrupt is ser- 
viced by the CPU. The contents of the IIR are indicated in 
Table 2 and are described below. 


11R(0): IIR(O) can be used in either a hardwired prioritized or 
polled environment to indicate whether an interrupt is pend- 
ing. When IIR(0) is low, an interrupt is pending, and the IIR 
contents may be used as a pointer to the appropriate inter- 
rupt service routine. When IIR(0) is high, no interrupt is 
pending. 


lIR(1) and 1IR(2): IIR(1) and IIR(2) are used to identify the 
highest priority interrupt pending as indicated in Table 2. 


11R(3) - 1IR(7): These five bits of the IIR are logic 0. 


TABLE 2. INTERRUPT IDENTIFICATION REGISTER 


INTERRUPT IDENTIFICATION 


INTERRUPT SET AND RESET FUNCTIONS 


PRIORITY INTERRUPT INTERRUPT INTERRUPT 
——— a a RESET — 
anne Line oe PE, FE, or a Read 
Status Bi 


nn 


Second Received Data Receiver Data RBR Read 
Available Available 
Third THRE THRE lIR Read if THRE is the 
Interrupt Source or 
THR Write 
DCD 


NOTE: X = Not Defined, May Be 0 or 1 


INTERRUPT ENABLE REGISTER (IER) 


The Interrupt Enable Register (IER) is a Write register used 
to independently enable the four 82C50A interrupts which 
activate the interrupt (INTRPT) output. All interrupts are dis- 
abled by resetting IER(0) - IER(3) of the Interrupt Enable 


Register. Interrupts are enabled by setting the appropriate 
bits of the IER high. Disabling the interrupt system inhibits 
the Interrupt Identification Register and the active (high) 
INTRPT output. All other system functions operate in their 
normal manner, including the setting of the Line Status and 
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Modem Status Registers. The contents of the Interrupt 
Enable Register are indicated in Table 3 and are described 
below. 


IER(0): When programmed high (IER(0) = Logic 1), IER(0) 
enables Received Data Available interrupt. 


IER(1): When programmed high (IER(1) = Logic 1), IER(1) 
enables the Transmitter Holding Register Empty interrupt. 


IER(2): When Programmed high (IER(2) = Logic 1), IER(2) 


DR (LSR BIT 0) 
ERBFI (IER BIT 0) 


THRE (LSR BIT 5) 
ETBEI (IER BIT 1) 


) > INTRPT 
OE (LSR BIT 1) PIN 30 
PE (LSR BIT 2) i. 


FE (LSR BIT 3) 


enables the Receiver Line Status interrupt. palatial, 

ELSI (IER BIT 2) 

IER(3): When programmed high (IER(3) = Logic 1), IER(3) | OCTS (MSR BIT 0) 

enables the Modem Status interrupt. DDSR (MSR BIT 1) 
P TERI (MSR BIT 2) ) ) 4 


IER(4) - IER(7): These four bits of the IER are logic 0. DDCD (MSR BIT 3) 


EDSSI (IER BIT 3) 
FIGURE 1. 82C50A INTERRUPT CONTROL STRUCTURE 


TABLE 3. 82C50A ACCESSIBLE REGISTER SUMMARY 
(NOTE: See Table 1 for how to access these registers.) 


REGISTER REGISTER BIT NUMBER 


MNEMONIC BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
RBR Data Bit 7 Data Bit 6 Data Bit 5 Data Bit 4 Data Bit 3 Data Bit 2 Data Bit 1 Data Bit 0 

(Read Only) (MSB) (LSB)t+ 
THR 

(Write Only) 


| Bit1S | Bit 14 Bit 13 


(Read Only) 


(DLAB) 
Divisor 
Latch 
Access 
Bit 


(DCD) 
Data 
Carrier 
Detect 


Set Break 


(TEMT) 
Transmitter 
Empty 


(RI) 
Ring 
Indicator 


Stick Parity 


(THRE) 


Transmitter 


Holding 
Register 
Empty 


+LSB, Data Bit 0 is the first bit transmitted or received. 


Even Parity 
Select 


(BI) 
Break 
Interrupt 


(EDSSI) 


Enable 
Modem 
Status 


Interrupt 


(FE) 
Framing 
Error 


(DDCD) 
Delta 
Data 

Carrier 

Detect 


(ELSI) 
Enable 
Receiver 
Line 
Status 
Interrupt 


Interrupt ID 
Bit (1) 


(TERI) 
Trailing 
Edge 
Ring 
Indicator 


(ETBE!) 
Enable 
Transmitter 
Holding 
Register 


Empty 
Interrupt 


Interrupt ID 
Bit (0) 


(WLSB1) 
Word 
Length 
Select 
Bit 1 
(RTS) 


Request 
to Send 


(OE) 
Overrun 
Error 


(DDSR) 
Delta 
Data 

Set 
Ready 


(ERBFI) 
Enable 
Received 
Data 
Available 
Interrupt 


“O" 1F 
Interrupt 
Pending 


(WLSBO) 
Word 
Length 
Select 
Bit 0 
(DTR) 
Data 


Terminal 
Ready 


(DCTS) 
Delta 
Clear 

to 
Send 
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Transmitter 


The serial transmitter section consists of a Transmitter Hold- 
ing Register (THR), Transmitter Shift Register (TSR), and 
associated control logic. The Transmitter Holding Register 
Empty (THRE) and Transmitter Shift Register Empty (TEMT) 
are two bits in the Line Status Register which indicate the 
status of THR and TSR. To transmit a 5-8 bit word, the word 
is written through DO-D7 to the THR. The microprocessor 
should perform a write operation only if THRE is high. The 
THRE is set high when the word is automatically transferred 
from the THR to the TSR during the transmission of the start 
bit. 


When the transmitter is idle, both THRE and TEMT are high. 
The first word written causes THRE to be reset to 0. After 
completion of the transfer, THRE returns high. TEMT 
remains low for at least the duration of the transmission of 
the data word. If a second character is transmitted to the 
THR, the THRE is reset low. Since the data word cannot be 
transferred from the THR to the TSR until the TSR is empty, 
THRE remains low until the TSR has completed transmis- 
sion of the word. When the last word has been transmitted 
out of the TSR, TEMT is set high. THRE is set high one THR 
to TSR transfer time later. 


Receiver 


Serial asynchronous data is input into the SIN pin. The idle 
state of the line providing the input into SIN is high. A start 
bit detect circuit continually searches for a high to low transi- 
tion from the idle state. When the transition is detected, a 
counter is reset, and counts the 16X clock to 7 1/2, which is 
the center of the start bit. The start bit is valid if the SIN is 
still low at the mid bit sample of the start bit. Verifying the 
start bit prevents the receiver from assembling an incorrect 
data character due to a low going noise spike on the SIN 
input. 


The Line Control Register determines the number of data 
bits in a character (LCR(0), LCR(1)), number of stop bits 
LCR(2), if parity is used LCR(3), and the polarity of parity 
LCR(4). Status information for the receiver is provided in the 
Line Status Register. When a character is transferred from 
the Receiver Shift Register to the Receiver Buffer Register, 
the Data Received indication in LSR(0) is set high. The CPU 
reads the Receiver Buffer Register through DO-D7. This read 
resets LSR(0). If DO-D7 are not read prior to a new character 
transfer from the RSR to the RBR, the overrun error status 
indication is set in LSR(1). The parity check tests for even or 
odd parity on the parity bit, which precedes the first stop bit. 
If there is a parity error, the parity error is set in LSR (2). 
There is circuitry which tests whether the stop bit is high. If it 
is not, a framing error indication is generated in LSR(3). 


The center of the start bit is defined as clock count 7 1/2. If 
the data into SIN is a symmetrical square wave, the center of 
the data cells will occur within +3.125% of the actual center, 
providing an error margin of 46.875%. The start bit can 
begin as much as one 16X clock cycle prior to being 
detected. 


Baud Rate Generator (BRG) 


The BRG generates the clocking for the UART function, 
providing standard ANSI/CCITT bit rates. The oscillator 
driving the BRG may be provided either with the addition of 
an external crystal to the XTAL1 and XTAL2 inputs, or an 
external clock into XTAL1. In either case, a buffered clock 
output, BAUDOUT, is provided for other system clocking. If 
two 82C50As are used on the same board, one can use a 
crystal, and the buffered clock output can be routed directly 
into the XTAL1 of the second 82C50A. 


The data rate is determined by the Divisor Latch registers 
DLL and DLM and the external frequency or crystal input, 
with the BAUDOUT providing an output 16X the data rate. 
The bit rate is selected by programming the two divisor 
latches, Divisor Latch Most Significant Byte and Divisor 
Latch Least Significant Byte. Setting DLL = 1 and DLM = 0 
selects the divisor to divide by 1 (divide by 1 gives maximum 
baud rate for a given input frequency at XTAL1). The on-chip 
oscillator is optimized for a 10MHz crystal. Usually, higher 
frequency are less expensive than lower frequency crystals. 


The BRG can use any of three different popular crystals to 
provide standard baud rates. The frequency of these three 
common crystals on the market are 1.8432MHz, 
2.4576MHz, and 3.072MHz. With these standard crystals, 
standard bit rates from 50 to 38.5kbps are available. The fol- 
lowing tables illustrate the divisors needed to obtain 
standard rates using these three crystal frequencies. 


TABLE 4. BAUD RATES USING 1.8432MHz CRYSTAL 


DESIRED | DIVISOR USED TO PERCENT ERROR 
BAUD GENERATE DIFFERENCE BETWEEN 
RATE 16 x CLOCK DESIRED AND ACTUAL 


a 
A 
a 


0.058 
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TABLE 5. BAUD RATES USING 2.4576MHz CRYSTAL 


DESIRED | DIVISOR USED TO 
GENERATE 
16 x CLOCK 


PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED AND ACTUAL 


Reset 


After powerup, the 82C50A Master Reset Schmitt trigger 
input (MR) should be held high for TMRW ns to reset the 
82C50A circuits to an idle mode until initialization. A high on 
MR causes the following: 


1. Initializes the transmitter and receiver internal clock 
counters. 


2. Clears the Line Status Register (LSR), except for 
Transmitter Shift Register Empty (TE MT) and Transmit 
Holding Register Empty (THRE), which are set. The 
Modem Control Register (MCR) is also cleared. All of the 
discrete lines, memory elements and miscellaneous 


TABLE 6. BAUD RATES USING 3.072MHz CRYSTAL 


PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED AND ACTUAL 


DESIRED | DIVISOR USED TO 
GENERATE 
16 x CLOCK 


logic associated with these register bits are also cleared 
or turned off. Divisor Latches, Receiver Buffer Register, 
Transmitter Buffer Register are not effected. 


Following removal of the reset condition (MR low), the 
82C50A remains in the idle mode until programmed. 


A hardware reset of the 82C50A sets the THRE and TEMT 
status bit in the LSR. When interrupts are subsequently 
enabled, an interrupt occurs due to THRE. 


A summary of the effect of a Master Reset on the 82C50A is 
given in Table 7. 


TABLE 7. 82C50A RESET OPERATIONS 


REGISTER/SIGNAL RESET CONTROL RESET 
Interrupt Enable Register Master Reset All Bits Low (0-3 forced and 4-7 permanent) 


Interrupt Identification Register Master Reset Bit 0 is High, Bits 1 and 2 Low Bits 3-7 are 
Permanently Low 
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TABLE 7. 82C50A RESET OPERATIONS (Continued) 


REGISTER/SIGNAL RESET CONTROL RESET 


Programming 


The 82C50A is programmed by the control registers LCR, 
IER, DLL and DLM, and MCR. These control words define 
the character length, number of stop bits, parity, baud rate, 
and modem interface. 


While the control registers can be written in any order, the 
IER should be written to last because it controls the interrupt 
enables. Once the 82C50A is programmed and operational, 
these registers can be updated any time the 82C50A is not 
transmitting or receiving data. 


The control signals required to access 82C50A internal reg- 
isters are shown below. 


Software Reset 


A software reset of the 82C50A is a useful method for return- 
ing to a completely known state without a system reset. 
Such a reset consists of writing to the LCR, Divisor Latches, 
and MCR registers. The LSR and RBR registers should be 
read prior to enabling interrupts in order to clear out any 
residual data or status bits which may be invalid for subse- 
quent operation. 


Crystal Operation 


The 82C50A crystal oscillator circuitry is designed to oper- 
ate with a fundamental mode, parallel resonant crystal. Table 
8 shows the required crystal parameters and crystal circuit 
configuration, respectively. 


When using an external clock source, the XTAL1 input is 
driven and the XTAL2 output is left open. Power 
consumption when using an external clock is typically 50% 
of that required when using a crystal. This is due to the 
sinusoidal nature of the drive circuitry when using a crystal. 


The maximum frequency of the 82C50A is 10MHz with an 
external clock or a crystal attached to XTAL1 and XTAL2. 
Using the external clock or crystal, and a divide by one 
divisor, the maximum BAUDOUT is 10MHz, and the 
maximum data rate is 625Kbps. 


TABLE 8. TYPICAL CRYSTAL OSCILLATOR CIRCUIT 


Type of Operation Parallel Resonant, Fundamental 
Mode 


Load Capacitance (CL) | 20 or 32pF (Typ) 


Rseries (Max) 100Q (f = 10MHz, CL = 32pF) 
2002 (f = 10MHz, CL = 20pF) 


TO 
BAUD RATE 
GENERATOR 
LOGIC 


— 82C50A 


FIGURE 2. TYPICAL CRYSTAL OSCILLATOR CIRCUIT 
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Absolute Maximum Ratings Thermal Information 
Sipe VoOHAGS ss o05s6v0ccseendteetcedpenasedesdeers +8.0V. Thermal Resistance (Typical, Note 1) Oya (CCW) 8jc (°C/W) 
Input, Output or I/O Voltage ........... GND -0.5V to Voc +0.5V CERDIP Package ..............-. 35 10 
Plastic DIP Package .............. 50 N/A 
Operating Conditions Plastic LCC Package.............. 46 N/A 
Operating Voltage Range..................... +4.5V to +5.5V ge cleo Temperature 175°C 
Operating Temperature Range eramic Package ....---. 20... see e renee cette ees + : 
C82C50A-5 0°C to +70°C PMSIC PACKAGE. .k.ccccadeews dyes sere Sr eme nee w aa +150°C 
Siunesdeveuee ee banyeers eeueenas pas a 
I82C50A-5 -40°C to +85°C Max Storage Temperature Range.............. 65°C to +150°C 
M82C50 A5 aA i “55°C to +1250¢ Max Lead Temperature (Soldering 10s) ................ +300°C 


(Lead Tips Only for Surface Mount Packages) 


Die Characteristics 
eC Bo | eee 1788 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


DC Electrical Specifications Vcc = 5.0V +10%, Ta = 0°C to +70°C (C82C50A-5) 
Ta = -40°C to +85°C (I82C50A-5) 
Ta = -55°C to +125°C (M82C50A-5) 


Korat I A BE Ba An 
i 
i 
Schmitt Trigger Logic One Input Voltage | 20 | = | Vv | MRInput 82C50A-5,C82C50A-5 
a 
Man lA 
[WHTGER) [Coane Geskvotes | Veose [| (| BeemalGece 
SS 
Output High Voltage hee esto one 
1 Se 
oan 


[ver [emeatanvaie 


a Input Leakage Current ae 


ICCOP Operating Power Supply Current External Clock F = 2.4576MHz, 
Voc = 5.5V, Vin = Voc or GND, 
Outputs Open 

ICCSB Standby Supply Current Voc = 5.5V, Vin = Voc or GND, 
Outputs Open 


Capacitance Ty, = 25°C 


a 


Vin = GND or Vcc, DIP Pins 9,10,12, 
13, 14, 18, 19, 21, 22, 25-28, 35-39 


FREQ = 1MHz, all measurements are 
referenced to device GND 
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AC Electrical Specifications Voc = 5.0V +10%, Ta = 0°C to +70°C (C82C50A-5) 
Ta = -40°C to +85°C (I82C50A-5) 
Ta = -55°C to +125°C (M82C50A-5) 


Timing Requirements 


SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 


Address Strobe Width | 50 
Address Setup Time 
( 


TAH Address Hold Time 


E 


(4) | TCS | Chip Select Setup Time 
(5) | TCH | Chip Select Hold Time a 


(6) | TDIW | DISTR DISTR Strobe Width 150 


RC 


Read Cycle Delay 

Read Cycle = TAR + TDIW + TRC 
DD | DISTR DISTR to Driver Disable Delay 
DDD | Delay From DISTR DISTR to Data 
(11) | THZ | DISTR DISTR to Floating Data Delay 
(12) | TDOW | DOSTR DOSTR Strobe Width 

C 
C 
(15) | TDS | Data Setup Time 


Data Hold Time 


NOTE: 


1. “When using the 82C50A in the multiplexed mode (ADS operational), it will operate in 80C86/88 systems with a maximum 3MHz operating 
frequency.” 


@ 
D 
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Note 1 


Write Cycle Delay 
Write Cycle = TAW + TDOW + TWC 
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AC Electrical Specifications Vcc = 5.0V +10%, Ta = 0°C to +70°C (C82C50A-5) 
Ta = -40°C to +85°C (I82C50A-5) 


Ta = -55°C to +125°C (M82C50A-5) 
82C50A-5 
SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 
DEMULTIPLEXED OPERATION 


[a7 | 1086 [orp Selec OuiputDelay tom Seen «ESC SC*dCO dC 
[(i8)[ TRA [Adcress Hold Time om DISTROISTA |_| | ms 
TROS [Chip Select Hod Time fom DISTRDISTA | _20__| | = 

@o)] TAR _[DISTRDISTA Delay tomAdsess «60 ‘| = 
@i) | ToSR [DISTR DISTADetay rom on Seect ‘| 60 | | =» 
2)| TWA [Adaress Hold Time fom DosTROOSTA | 20 | | rs 
posta [2 [|_| = 
ee a 

ee 

ee ee 

ee a 

ee 


Timing 


~_—_ 
—" 
© 
— 


r) 


— | — 
NO} dM 
>] ® 
— i — 


DOSTR DOSTR Delay from Address 


(25) | TCSW }| DOSTR DOSTR Delay from Select 


(26) | TMRW | Master Reset Pulse Width 


TXH_ | Duration of Clock High Pulse 
(28) Duration of Clock Low Pulse 


~-_ 
mS 
— 
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AC Electrical Specifications Vcc = 5.0V +10%, Ta = 0°C to +70°C (C82C50A-5) 
Ta = -40°C to +85°C (I82C50A-5) 
Ta = -55°C to +125°C (M82C50A-5) 


Timing (Continued) 


82C50A-5 
SYMBOL PARAMETER | MIN | MAX | UNITS | TEST CONDITIONS 


BAUD GENERATOR 


BAUDGENERATOR—SSOSCSCSCSCSCSCSCSC“‘“SCSCSCSCSC“‘“SN™SCNCSCSC‘“‘SC 
ey ee de 
[aor | Tato [Baud OuipuNegatve age Dey SiC Ci PCS 
[ity | TBHD [Baud OuputPostive Ege Delay |_| 20] ms |S 
[isar| Tew [Baud Oupudowntime —S—~dCS dts | 
rear] Taw [Baud Ouputuptine +t |_| rs | Tx= Sone 


RECEIVER 


[a4 | 80D [Delay rom AGiKtoSanpietine ——«dT—SCid Cd dC 


(35) | TSINT | Delay from Stop to Set Interrupt 1 1 BAUDOUT 
Cycles 
(36) | TRINT | Delay from DISTR DISTR (RD RBR) to 
Reset Interrupt 


TRANSMITTER 


(37) Delay from DOSTR DOSTR to Reset Interrupt aa 
BAUDOUT 
Cycles 


(39) | TS1 | Delay from Initial Write to Interrupt 16 BAUDOUT 
Cycles 
(40) | TSTI | Delay from Stop to Interrupt (THRE) 2 t= | BAUDOUT 


BAUDOUT 
Cycles 
(41) TIR | Delay from DISTR DISTR (RD IIR) to Reset Interrupt 
(THRE) 
MODEM CONTROL 


(42) | TMDO | Delay from DOSTR DOSTR to Output po | 
(43) | TSIM | Delay to Set Interrupt from Modem Input po 


(44) | TRIM | Delay to Reset Interrupt from DISTR DISTR 


(RD MSR) 


AC Test Circuit 


TEST CONDITION DEFINITION TABLE 


v1 
R1 
OUTPUT FROM TEST 
in (NOTE) 


NOTE: Includes stay and jig capacitance. 


AC Testing Input, Output Waveform 


— INPUT OUTPUT - 

Vit - 0.4V VoL 

AC Testing: All input signals must switch between Vj, -0.4V and 
Vip +0.4V. Input rise and fall times are driven at ins/V. 
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Timing Waveforms 


2.0V 
XTAL1 0.8V 


| 


FIGURE 3. EXTERNAL CLOCK INPUT FIGURE 4. AC TEST POINTS 


—— 


XTAL1 
(31) tBHD ——> |e 


(30) tBLD —s| | | ike (33) 
| 


tLW (32) 
|<— tLw (32) 


ey 
“en tBHD——| |< 
9 el fae 


BAUD OUT 


(+2) 


BAUD OUT 
3 
. 31) tHW =(N - 2) XTAL1 CYCLES 


ey 
tBLD—»| |<— —»| |<— tBHD |\=—(3 )—>| 


(+N, N > 3) 
<— (32)_» 
tLW = 2XTAL1 CYCLES 


NOTE: tBLD (+1) is the only spec measure from XTL1 falling edge. All other tBLD’s and tBHD’s are measured from XTAL1 rising edge. 


FIGURE 5. BAUDOUT TIMING 


5-21 


” 

6 
q{= 
Ei 
ao 
nS 
05 
== 
Os 
O 
Oo 


82C50A 


Timing Waveforms (Continued) 


(2) taS =| |=<— (3) tAH 


_ sian 
A2, A1, AO X vatio 1X Nl X 


(4) tCS —| p<—v| —- (5) tCH | <<-»-| (22) tWAt 
aS 
’ , V. 
CS2, CS1, CSO vaio X | X 
17 23 
[a] AIR 
= § 


i 
24 12 13 
8} $= 8B R— 


DOSTR/DOSTR ACTIVE x ACTIVE 


DISTR/DISTR ACTIVE 


(15) tDS |—>|<—> |(16) tDH 
DATA VALID DATA 
D0-D7 


+ Applicable only when ADS is tied low. 
FIGURE 6. WRITE CYCLE 
oat 
eg ee 
ADS 
(2)tAS =| | (9) AH 


(4) tCS—}-pe—se| |e—(5) tCH | <-s-| (18) tRAT 


| |e adsee>| —* ned; [= 
asa 


‘a | 
i] = a - @ a 
= -— o— 


DOSTR/DOSTR | | x ACTIVE 


CSOUT 


DD/S 
DATA — 
DO-D7 


VALID DATA 


+ Applicable only when ADS is tied low. 


FIGURE 7. READ CYCLE 


5-22 


82C50A 


Timing Waveforms (continued) 


RCLK 
i 8 CLKS —___| |~<«—— tSCD (34) 
SAMPLE CLK 


PARITY 


START 
SIN (RECEIVER INPUT DATA) DATA BITS (5-8) XK  } STOP 


SAMPLE CLK al | 


NTERRUPT | = eas a 


i 
(DATA READY OR RCVR ERR) 
| tRINT 
Leathe Ml = (36) 
(READ REC DATA BUFFER OR ROLSR) ACTIVE 
ROLSR) XacriveX— ____ 
NOTES: 


1. See Write Cycle Timing. 
2. See Read Cycle Timing. 


FIGURE 8. RECEIVER TIMING 


START PARITY START 
SERIAL OUT 
(SOUT) s DATA (5-8) ae 
—|tne|=— | fe 871 (40) 
INTERRUPT 
(THRE) (37) (37) 


tHR |= 


tHR 
DOSTR/DOSTR _ = | 
(WR THR) 


ini —wz| (39) | aa tIR (41) 
DISTR/DISTR tS! 
(RD IIR) / \ 
NOTE 2 
NOTES: 


1. See Write Cycle Timing. 
2. See Read Cycle Timing. 


FIGURE 9. TRANSMITTER TIMING 
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J ACTIVE o ACTIVE 
DOSTR/DOSTR (WR MCR) 
NOTE 1 


mes tMDO tMDO 
= (42) -| (42) |~ 
ATS, DTA 
OUT1, OUT2 
CTS, DST, DCD ————— 
tRIM 


DISTR/DISTR (RD MSR) l 
NOTE 2 


INTERRUPT | | (44) 
ene fT a 4 pa tSIM 
(43) tSIM lane (44) -»| = (43) | <———»}— (43) 


ACTIVE | 


Ri \ f 
NOTES: 
1. See Write Cycle Timing. 


2. See Read Cycle Timing. 
FIGURE 10. MODEM CONTROLS TIMING 
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March 1997 CMOS Serial Controller Interface 


Features : Description 


¢ Single Chip UART/BRG The Harris 82C52 is a high performance programmable 
Universal Asynchronous Receiver/Transmitter (UART) and 
DC to 16MHz (1M Baud) Operation 
( ) OP Baud Rate Generator (BRG) on a single chip. Utilizing the 
Crystal or External Clock Input Harris advanced Scaled SAuI IV CMOS process, the 82C52 
On-Chip Baud Rate Generator - 72 Selectable Baud will support data rates up to 1M baud asynchronously with a 
Rates 16X clock (16MHz clock frequency). 


Interrupt Mode with Mask Capability The on-chip Baud Rate Generator can be programmed for 
any one of 72 different baud rates using a single industry 
standard crystal or external frequency source. A unique pre- 
80C86 Compatible scale divide circuit has been designed to provide standard 
Single +5V Power Supply RS-232-C baud rates when using any one of three industry 
standard crystals (1.8432MHz, 2.4576MHz, or 3.072MHz). 


A programmable buffered clock output (CO) is available and 
can be programmed to provide either a buffered oscillator or 
Line Break Generation and Detection 16X baud rate clock for general purpose system usage. 


Operating Temperature Range: Ordering Information 


- C82C52 TEMPERATURE 
RANGE 1M BAUD 


_ e2cse allt Se 
PLod 
 __ pees eae Tea 


Microprocessor Bus Oriented Interface 


Low Power Operation 
Modem Interface 


CERDIP 0°C to +70°C CD82C52 F28.6 
-40°C to +85°C | ID82C52 F28.6 
-55°C to +125°C | MD82C52/B F28.6 


SMD# 8501501XA F28.6 
CLCC -55°C to +125°C | MR82C52/B J28.A 
SMD# 85015013A J28.A 


Pinouts 
82C52 (PDIP, CERDIP) 82C52 (PLCC, CLCC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2950 1 


Copyright © Harris Corporation 1997 
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Block Diagram 
UART 
eg tre sa ca TBRE 
aura REGISTERS ——— 


READ/WRITE 
CONTROL 
LOGIC 


TRANSMITTER 


TRANSMITTER 15 


BUFFER REGISTER SDO 


IX PROGRAM- 
ox 14 MABLE 
21 BOUD RATE 
co GENERATOR RECEIVER RECEIVER 25 
BUFFER REGISTER SDI 
REGISTER P< S 
23 
RST 
CONTROL 18 — 
24 LOGIC : DSR 
INTR MODEM 17 CTs 
CONTROL AND F 19 
STATUS ; DTR 
REGISTERS 20 ATS 


READ: The RD input causes the 82C52 to output data to the data bus (DO- D7). The data 
output depends upon the state of the address inputs (AO-A1). CSO enables the RD input. 


WRITE: The WR input causes data from the data bus (D0-D7) to be input to the 82C52. 
Addressing and chip select action is the same as for read operations. 


DATA BITS 0-7: The Data Bus provides eight, three-state input/output lines for the transfer of 
data, control and status information between the 82C52 and the CPU. For character formats 
of less than 8 bits, the corresponding D7, D6 and D5 are considered “don't cares” for data 
WRITE operations and are 0 for data READ operations. These lines are normally in a high 
impedance state except during read operations. DO is the Least Significant Bit (LSB) and is the 
first serial data bit to be received or transmitted. 


AO, A1 11, 12 High ADDRESS INPUTS: The address lines select the various internal registers during CPU bus 
operations. 

IX, OX 13, 14 1/0 CRYSTAL/CLOCK: Crystal connections for the internal Baud Rate Generator. IX can also be 
used as an external clock input in which case OX should be left open. 


SERIAL DATA OUTPUT: Serial data output from the 82C52 transmitter circuitry. A Mark (1) is 
a logic one (high) and Space (0) is logic zero (low). SDO is held in the Mark condition when 
CTS is false, when RST is true, when the Transmitter Register is empty, or when in the Loop 
Mode. 


we [ef | GROUND: Power supply ground connection. 
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CLEAR TO SEND: The logical state of the CTS line is reflected in the CTS bit of the Modem 
Status Register. Any change of state in CTS causes INTR to be set true when INTEN and 
MIEN are true. A false level on CTS will inhibit transmission of data on the SDO output and will 
hold SDO in the Mark (high) state. If CTS goes false during transmission, the current character 
being transmitted will be completed. CTS does not affect Loop Mode operation. 
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Pin Description (Continued) 


ACTIVE 
SYMBOL TYPE | LEVEL DESCRIPTION 


DATA SET READY: The logical state of the DSR line is reflected in the Modem Status Register. 
Any change of state of DSR will cause INTR to be set if INTEN and MIEN are true. The state 
of this signal does not affect any other circuitry within the 82C52. 


DATA TERMINAL READY: The DTR signal can be set (low) by writing a logic 1 to the appro- 
priate bit in the Modem Control Register (MCR). This signal is cleared (high) by writing a logic 
0 in the DTR bit in the MCR or whenever a reset (RST = high) is applied to the 82C52. 


REQUEST TO SEND: The RTS signal can be set (low) by writing a logic 1 to the appropriate 
bit in the MCR. This signal is cleared (high) by writing a logic 0 to the RTS bit in the MCR or 
whenever a reset (RST = high) is applied to the 82C52. 


CLOCK OUT: This output is user programmable to provide either a buffered IX output or a 
buffered Baud Rate Generator (16X) clock output. The buffered IX (Crystal or external clock 
source) output is provided when the Baud Rate Select Register (BRSR) bit 7 is set to a zero. 
Writing a logic one to BRSR bit 7 causes the CO output to provide a buffered version of the 
internal Baud Rate Generator clock which operates at sixteen times the programmed baud 
rate. On reset D7 (CO select) is reset to 0. 


TRANSMITTER BUFFER REGISTER EMPTY: The TBRE output is set (high) whenever the 
Transmitter Buffer Register (TBR) has transferred its data to the Transmit Register. Application 
of a reset (RST) to the 82C52 will also set the TBRE output. TBRE is cleared (low) whenever 
data is written to the TBR. 


RESET: The RST input forces the 82C52 into an “Idle” mode in which all serial data activities 
are suspended. The Modem Control Register (MCR) along with its associated outputs are 
cleared. The UART Status Register (USR) is cleared except for the TBRE and TC bits, which 
are set. The 82C52 remains in an “Idle” state until programmed to resume serial data activities. 
The RST input is a Schmitt triggered input. 


INTERRUPT REQUEST: The INTR output is enabled by the INTEN bit in the Modem Control 
Register (MCR). The MIEN bit selectively enables modem status changes to provide an input 
to the INTR logic. Figure 9 in Design Information shows the overall relationship of these inter- 
rupt control signals. 


SERIAL DATA INPUT: Serial data input to the 82C52 receiver circuits. A Mark (1) is high, and 
a Space (0) is low. Data inputs on SDI are disabled when operating in the loop mode or when 
RST is true. 


DATA READY: A true level indicates that a character has been received, transferred to the 
RBR, and is ready for transfer to the CPU. DR is reset on a data READ of the Receiver Buffer 
Register (RBR) or when RST is true. 


Vcc: +5V positive power supply pin. A 0.1p.F decoupling capacitor from Voc (Pin 27) to GND 
(Pin 16) is recommended. 


LL id CHIP SELECT: The chip select input acts as an enable signal for the RD and WR input 
signals. 
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Reset 


During and after power-up, the 82C52 Reset Input (RST) 
must be held high for at least two IX clock cycles in order to 
initialize and drive the 82C52 circuits to an idle mode until 
proper programming can be done. A high on RST causes 
the following events to occur 


e Resets the internal Baud Rate Generator (BRG) circuit 
clock counters and bit counters. The Baud Rate Select 
Register (BRSR) is not affected (except for bit 7 which is 
reset to 0). 


¢ Clears the UART Status Register (USR) except for 
Transmission Complete (TC) and Transmit Buffer Register 
Empty (TBRE) which are set. The Modem Control 
Register (MCR) is also cleared. All of the discrete lines, 
memory elements and miscéllaneous logic associated 
with these register bits are also cleared or turned off. Note 
that the UART Control Register (UCR) is not affected. 


Following removal of the reset condition (RST = low), the 
82C52 remains in the idle mode until programmed to its 
desired system configuration. 


Programming The 82C52 


The complete functional definition of the 82C52 is 
programmed by the systems software. A set of control words 
(UCR, BRSR and MCR) must be sent out by the CPU to 
initialize the 82C52 to support the desired communication 
format. These control words will program the character 
length, number of stop bits, even/odd/no parity, baud rate, 
etc. Once programmed, the 82C52 is ready to perform its 
communication functions. 


The control registers can be written to in any order. However, 
the MCR should be written to last because it controls the 
interrupt enables, modem control outputs and the receiver 
enable bit. Once the 82C52 is programmed and operational, 
these registers can be updated any time the 82C52 is not 
immediately transmitting or receiving data. 


Table 1. Shows the control signals required to access 82C52 
internal registers. 


UART Control Register (UCR) 


The UCR is a write only register which configures the UART 
transmitter and receiver circuits. Data bits D7 and D6 are not 
used but should always be set to a logic zero (0) in order to 
insure software compatibility with future product upgrades. 
During the Echo Mode, the transmitter always repeats the 
received word and parity, even when the UCR is 
programmed with different or no parity. See Figure 1. 


TABLE 1. 


em [oe [ow eT crane 


Data Bus > Transmitter Buffer 
Register (TBR) 
Receiver Buffer Register 
(RBR) > Data Bus 
Data Bus > UART Control 
Register (UCR) 
1 1 UART Status Register 
(USR) > Data Bus 
1 | Data Bus — Modem Control 
Register (MCR) 
Po [eo [Je [ncn oan 
1 1 1 | Data Bus - Bit Rate Select 
Register (BRSR) 
1 1 Modem Status Register 
(MSR) — Data Bus 


ae | | [oe 18 | ot |b 
RRR, gerne TR RT gE TR AE SORE ETERS, pee Sm NS 


Stop Bit 0O=1 Stop Bits 

Select 4 = 1.5 Stop Bits (Tx) 
and 1 Stop Bit (Rx) 
If 5 Data Bits Selected 
1 = 2 Stop Bits for 6, 7 
or 8 Data Bits Selected 


Parity 000 = Tx and Rx Even 
Control 001 =Tx and Rx Odd 
010 = Tx Even, Rx 
Odd 
011 = Tx Odd, Rx 
Even 
100 = Tx Even, Rx 
Check Disabled 
101 = Tx Odd, Rx 
Check Disabled 
11X = Generation and 
Check Disabled 


Word 00 = 5 Bits 
Length 01=6 Bits 
Select 10 =7 Bits 

11 = 8 Bits 


Reserved Set to 00 for Future 
Product Upgrade 
Compatibility 


FIGURE 1. UCR 
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Baud Rate Select Register (BRSR) 


The 82C52 is designed to operate with a single crystal or 
external clock driving the |X input pin. The Baud Rate Select 
Register is used to select the divide ratio (one of 72) for the 
internal Baud Rate Generator circuitry. The internal circuitry 
is separated into two separate counters, a Prescaler and a 
Divisor Select. The Prescaler can be set to any one of four 
division rates, +1, +3, +4, or +5. 


The Prescaler design has been optimized to provide 
standard baud rates using any one of three popular crystal 
frequencies. By using one of these common system clock 
frequencies, 1.8432MHz, 2.4576MHz or 3.072MHz and 
Prescaler divide ratios of +3, +4, or +5 respectively, the 
Prescaler output will provide a constant 614.4KHz. When 
this frequency is further divided by the Divisor Select 
counter, any of the standard baud rates from 50 Baud to 
38.4Kbaud can be selected (see Table 2). Non-standard 
baud rates up to 1Mbaud can be selected by using different 
input frequencies (crystal or an external frequency input up 
to 16MHz) and/or different Prescaler and Divisor Select 
ratios. 


Regardless of the baud rate, the baud rate generator 
provides a clock which is 16 times the desired baud rate. For 
example, in order to operate at a 1Mbaud data rate, a 
16MHz crystal, a Prescale rate of +1, and a Divisor Select 
rate of “external” would be used. This would provide a 
16MHz clock as the output of the Baud Rate Generator to 
the Transmitter and Receiver circuits. 


The CO select bit in the BRSR selects whether a buffered 
version of the external frequency input (IX input) or the Baud 
Rate Generator output (16x baud rate clock) will be output 
on the CO output (pin 21). The Baud Rate Generator output 
will always be a 50% nominal duty cycle except when “exter- 
nal” is selected and the Prescaler is set to +3 or +5. 


ed Mind aod al Cd a 
si Dae Fa Wed Qed Mek ed 


Prescaler 00 =+ 1 
Select 01=+3 
10=+4 
11=+5 


00000 = +2 
00001 =+4 
00010 = + 16/3 
00011 =+8 
00100 = + 32/3 
00101 =+ 16 
00110 = + 58/3 
00111 =+22 
01000 = + 32 
01001 =+ 64 
01010 =+ 128 
01011 =+ 192 
01100 = + 256 
01101 =+ 288 
01110 = + 352 
01111 =+512 
10000 = + 768 
11111 = External (+ 1) 


oe) 0 = IX Output 

Select 1 = Brg Output (On 
Reset, D7 (CO Select) 
is Reset to 0) 


Divisor 
Select 


FIGURE 2. BRSR 


TABLE 2. 


a 
9600 
0 
28 
a 


aE 
20007 8 
ce 
a 
Ee 
: a 

768 


58/3 


134.5+ 
110+ 
a 


NOTE: These baud rates are based upon the following input 
frequency/ Prescale divisor combinations. 
1.8432MHz and Prescale = + 3 
2.4576MHz and Prescale = + 4 
3.072MHZ and Prescale = + 5 


+ All baud rates are exact except for: 


BAUD RATE ACTUAL PERCENT ERROR 
3 
0 


00 
7 
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Modem Control Register 


The MCR is a general purpose control register which can be 
written to and read from. The RTS and DTR outputs are 
directly controlled by their associated bits in this register. 
Note that a logic one asserts a true logic level (low) at these 
output pins. The Interrupt Enable (INTEN) bit is the overall 
control for the INTR output pin. When INTEN is false, INTR 
is held false (low). 


The Operating Mode bits configure the 82C52 into one of 
four possible modes. “Normal” configures the 82C52 for nor- 
mal full or half duplex communications. “Transmit Break” 
enables the transmitter to only transmit break characters 
(Start, Data and Stop bits all are logic zero). The Echo Mode 
causes any data that is received on the SDI input pin to be 
retransmitted on the SDO output pin. Note that this output is 
a buffered version of the data seen on the SDI input and is 
not a resynchronized output. Also note that normal UART 
transmission via the Transmitter Register is disabled when 
operating in the Echo mode (see Figure 4). The Loop Test 
Mode internally routes transmitted data to the receiver 
circuitry for the purpose of self test. The transmit data is 
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disabled from the SDO output pin. The Receiver Enable bit 
gates off the input to the receiver circuitry when in the false 
state. 


Modem Interrupt Enable will permit any change in modem 
status line inputs (CTS, DSR) to cause an interrupt when 
this bit is enabled. Bit D7 must always be written to with a 
logic zero to insure correct 82C52 operation. 


er] pe bs | 4 [09 [a] Ot [Do 


Request 0=RTS Output Hight 
toSend 1=RTS Output Low 
(RTS) 


Data 0 = DTR Output High 
Terminal 1=DTR Output Low 
Ready 
(DTR) 


Interrupt 1 = Interrupts Enabled 
Enable 0 = interrupts Disabled 
(INTEN) 


Mode 00 = Normal 

Select 01 = Transmit Break 
10 = Echo Mode 
11 =Loop Test Mode 


Receiver 0 = Not Enabled 
Enable 1 = Enabled 
(REN) 

Modem 0= Not Enabled 
Interrupt 1 = Enabled 
Enable 

(MIEN) 


Must be Set to a Logic 0 for 
Normal 82C52 Operation 


+ See Modem Status Register description for a description of 
register flag images with respect to output pins. 


FIGURE 3. MCR 


SERIAL DATA 
FROM 
TRANSMITTER 
REGISTER 
ECHO MODE 


SERIAL DATA 
TO RECEIVER 
REGISTER 


FIGURE 4. LOOP AND ECHO MODE FUNCTIONALITY 


UART Status Register (USR) 


The USR provides a single register that the controlling sys 
tem can examine to determine if errors have occurred or if 
other status changes in the 82C52 require attention. For this 
reason, the USR is usually the first register read by the CPU 
to determine the cause of an interrupt or to poll the status of 
the 82C52. 


Three error flags OE, FE and PE report the status of any 
error conditions detected in the receiver circuitry. These 
error flags are updated with every character received during 
reception of the stop bits. The Overrun Error (OE) indicates 
that a character in the Receiver Register has been received 
and cannot be transferred to the Receiver Buffer Register 
(RBR) because the RBR was not read by the CPU. Framing 
Error (FE) indicates that the last character received in the 
RBR contained improper stop bits. This could be caused by 
the absence of the required stop bit(s) or by a stop bit(s) that 
was too short to be properly detected. Parity Error (PE) indi- 
cates that the last character received in the RBR contained a 
parity error based on the programmed parity of the receiver 
and the calculated parity of the received character data and 
parity bits. 


The Received Break (RBRK) status bit indicates that the last 
character received was a break character. A break character 
would be considered to be an invalid data character in that 
the entire character including parity and stop bits are a logic 
zero. 


The Modem Status bit is set whenever a transition is 
detected on any of the Modem input lines (CTS or DSR). A 
subsequent read of the Modem Status Register will show the 
state of these two signals. Assertion of this bit will cause an 
interrupt (INTR) to be generated if the MIEN and INTEN bits 
in the MCR register are enabled. 


The Transmission Complete (TC) bit indicates that both the 
TBR and Transmitter Registers are empty and the 82C52 
has completed transmission of the last character it was com- 
manded to transmit. The assertion of this bit will cause an 
interrupt (INTR) if the INTEN bit in the MCR register is true. 


The Transmitter Buffer Register Empty (TBRE) bit indicates 
that the TBR register is empty and ready to receive another 
character. 


The Data Ready (DR) bit indicates that the RBR has been 
loaded with a received character (including Break) and that 
the CPU may access this data. 


Assertion of the TBRE or DR bits do not affect the INTR 
logic and associated INTR output pin since the 82C52 has 
been designed to provide separate requests via the DR and 
TBRE output pins. If a single interrupt for any status change 
in the 82C52 is desired this can be accomplished by using 
an 82C59A Interrupt controller with DR, TBRE, and INTR as 
inputs. (See Figure 11). 
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Parity Error 0 = No Error 
(PE) 1 = Error 
Framing Error O=No Error 
(FE) 1 = Error 
Overrun Error O=No Error 
(OE) 1 = Error 
Received 0 = No Break 
Break (RBRK) 1 = Break 
Modem Status 0 = No Status 
(MS) Change 

1 = Status 

Change 
Transmission 0=Not 
Complete Complete 
(TC) 1 = Complete 
Transmitter 0 = Not Empty 
Buffer Register 1 = Empty 
Empty (TBRE) 
Data Ready 0 = Not Ready 
(DR) 1 = Ready 
FIGURE 5. USR 


Modem Status Register (MSR) 


The MSR allows the CPU to read the modem signal inputs 
by accessing the data bus interface of the 82C52. Like all of 
the register images of external pins in the 82C52, true logic 
levels are represented by a high (1) signal level. By following 
this consistent definition, the system software need not be 
concerned with whether external signals are high or low true. 
In particular, the modem signal inputs are low true, thus a 0 
(true assertion) at a modem input pin is represented by a 1 
(true) in the MSR. 


Any change of state in any modem input signals will set the 
Modem Status (MS) bit in the USR register. When this hap- 
pens, an interrupt (INTR) will be generated if the MIEN and 
INTEN bits of the MCR are enabled. 


The Data Set Ready (DSR) input is a status indicator from 
the modem to the 82C52 which indicates that the modem is 
ready to provide received data to the 82C52 receiver cir- 
cuitry. 


Clear to Send (CTS) is both a status and control signal from 
the modem that tells the 82C52 that the modem is ready to 
receive transmit data from the 82C52 transmitter output 
(SDO). A high (false) level on this input will inhibit the 82C52 
from beginning transmission and if asserted in the middle of 
a transmission will only permit the 82C52 to finish transmis- 
sion of the current character. 


[br | be] De | ts [bs } ce |P | OO 


CleartoSend 0O= False 
(CTS) 1 = Truer 
Data Set 0 = False 
Ready (DSR) 1 = True 
) 
0 
Undefined 

FIGURE 6. MSR 


Receiver Buffer Register (RBR) 


The receiver circuitry in the 82C52 is programmable for 5, 6, 
7 or 8 data bits per character. For words of less than 8 bits, 
the data is right justified to the Least Significant Bit (LSB = 
DO). Bit DO of a data word is always the first data bit 
received. The unused bits in a less than 8-bit word, at the 
parallel interface, are set to a logic zero (0) by the 82C52. 


Received data at the SDI input pin is shifted into the 
Receiver Register by an internal 1x clock which has been 
synchronized to the incoming data based on the position of 
the start bit. When a complete character has been shifted 
into the Receiver Register, the assembled data bits are par- 
allel loaded into the Receiver Buffer Register. Both the DR 
output pin and DR flag in the USR register are set. This dou- 
ble buffering of the received data permits continuous recep- 
tion of data without losing any of the received data. 


While the Receiver Register is shifting a new character into 
the 82C52, the Receiver Buffer Register is holding a previ- 
ously received character for the system CPU to read. Failure 
to read the data in the RBR before complete reception of the 
next character can result in the loss of the data in the 
Receiver Register. The OE flag in the USR register indicates 
the overrun condition. 
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BO r- S  —S  l 
Bit 1 
Bit 2 
Bit 3 
Bit4 — 

Bit 5 —- 
Bit 6 —_— 

Bit 7 —_— 


5-Bit 
Word 
6-Bit 
Word 
7-Bit 
Word 
8-Bit 
Word 


FIGURE 7. RBR 


Transmitter Buffer Register (TBR) 


The Transmitter Buffer Register (TBR) accepts parallel data 
from the data bus (DO-D7) and holds it until the Transmitter 
Register is empty and ready to accept a new character for 
transmission. The transmitter always has the same word 
length and number of stop bits as the receiver. For words of 
less than 8 bits the unused bits at the microprocessor data 
bus are ignored by the transmitter. 


Fed cl Md Cd ica 


S10 === SS 
Bit 1 
Bit 2 
Bit 3 
1 

Bit 5 — 
Bit 6 wins 

Bit 7 hes 


5-Bit 
Word 
6-Bit 
Word 
7-Bit 
Word 
8-Bit 
Word 


FIGURE 8. TBR 
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Bit 0, which corresponds to DO at the data bus, is always the 
first serial data bit transmitted. Provision is made for the 
transmitter parity to be the same or different from the 
receiver. The TBRE output pin and flag (USR register) reflect 
the status of the TBR. The TC flag (USR register) indicates 
when both TBR and TR are empty. 


82C52 Interrupt Structure 


The 82C52 has provisions for software masking of interrupts 
generated for the INTR output pin. Two control bits in the 
MCR register, MIEN and INTEN, control modem status inter- 
rupts and overall 82C52 interrupts respectively. Figure 9 
illustrates the logical control function provided by these sig- 
nals. 


The modem status inputs (DSR and CTS) will trigger the 
edge detection circuitry with any change of status. Reading 
the MSR register will clear the detect circuit but has no effect 
on the status bits themselves. These status bits always 
reflect the state of the input pins regardless of the mask con- 
trol signals. Note that the state (high or low) of the status bits 
are inverted versions of the actual input pins. 


The edge detection circuits for the USR register signals will 
trigger only for a positive edge (true assertion) of these sta- 
tus bits. Reading the USR register not only clears the edge 
detect circuit but also clears (sets to 0) all of the status bits. 
The output pins associated with these status bits are not 
affected by reading the USR register. 


A hardware reset of the 82C52 sets the TC status bit in the 
USR. When interrupts are subsequently enabled an interrupt 
can occur due to the fact that the positive edge detection cir- 
cuitry in the interrupt logic has detected the setting of the TC 
bit. If this interrupt is not desired the USR should be read 
prior to enabling interrupts. This action resets the positive 
edge detection circuitry in the interrupt control logic (Figure 9). 


NOTE: For USR and MSR, the setting of status bits is inhibited 
during status register READ operations. If a status condition is gen- 
erated during a READ operation, the status bit is not set until the trail- 
ing edge of the RD pulse. 

If the bit was already set at the time of the READ operation, and the 


same status condition occurs, that status bit will be cleared at the 
trailing edge of the RD pulse instead of being set again. 


RBRK, TC 
OE, FE, PE 
(USR) 


EDGE 
DETECT 


RD (USR) 


DSR, CTS 
(MSR) 


RD (MSR) (MCR) 
FIGURE 9. 82C52 INTERRUPT STRUCTURE 


Software Reset 


A software reset of the 82C52 is a useful method for 
returning to a completely known state without exercising a 
complete system reset. Such a reset would consist of writing 
to the UCR, BRSR and MCR registers. The USR and RBR 


registers should be read prior to enabling interrupts in order 
to clear out any residual data or status bits which may be 
invalid for subsequent operation. 


Crystal Operation 


The 82C52 crystal oscillator circuitry is designed to operate 
with a fundamental mode, parallel resonant crystal. This cir- 
cuit is the same one used in the Harris 82C84A clock gener- 
ator/driver. To summarize, Table 3 and Figure 10 show the 
required crystal parameters and crystal circuit configuration 
respectively. 


When using an external clock source, the IX input is driven 
and the OX output is left open. Power consumption when 
using an external clock is typically 50% of that required when 
using a crystal. This is due to the sinusoidal nature of the 
drive circuitry when using a crystal. 


TABLE 3. 


_rnwern | "Sete 
PARAMETER SPECIFICATION 


Rseries(Max) 1002 (f = 16MHz, CL = 32pF) 
2002 (f = 16MHz, CL = 20pF) 


C1 (NOTE) 


GND C2 (NOTE) = 


NOTE: C1 = C2 = 20pF For CL = 20pF 
C1 = C2 = 47pF For CL = 32pF 


FIGURE 10. 


82C52 - 80C86 Interfacing 


The following example (Figure 11) shows the interface for an 
82C52 in an 80C86 system. 


Use of the Harris CMOS Interrupt Controller (82C59A) is 
optional and necessary only if an interrupt driven system is 
desired. 


By using the Harris CMOS 82C84A clock generator, the 
system can be built with a single crystal providing both the 
processor clock and the clock for the 82C52. The 82C52 has 
special divider circuitry which is designed to supply industry 
standard baud rates with a 2.4576MHz input frequency. 
Using a 15MHz crystal as shown, results in less than a 2% 
frequency error which is adequate for many applications. For 
more precise baud rate requirements, a 14.7456MHz crystal 
will drive the 80C86 at 4.9MHz and provide the 82C52 with 
the standard baud rate input frequency of 2.4576MHz. If 
baud rates above 156Kbaud are desired, the OSC output 
can be used instead of the PCLK (+6) output for asynchro- 
nous baud rates up to 1 Mbaud. 
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ADO, AD7 


SERIAL 


ADDRESS BUS DATA 


80C86 
OR 
80C88 


s2cesJ IORD —>e 
(MAX MODE) lIOWR —»>q 


INT INT IRX 
82C59A 


cg INTA 


3 


INTR, DR, TBRE 
IX 


CLK INTA k 


15MHz CI Vv 


82C84A OR 
v4 82C85 


FIGURE 11. 80C86/82C52 INTERFACE 
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Absolute Maximum Ratings Thermal Information 
CU WORAOG ask i pe eed dn iceviaveracosaaeneenanees +8.0V_ Thermal Resistance (Typical, Note 1) Bya (CC/W) By (PCW) 
Input, Output or I/O Voltage ............ GND-0.5V to Voc +0.5V CERDIP Package ..............-. 45 8.4 
Su) CISSSICRUON bcd ese e eves gade dens dex dee aeesoads Class 1 CLCC Package .................. 60 14 
PDIP PACKAGE 2 incon dcceae nae ewe oo N/A 
Operating Conditions PLCO PackAG@ .scsavissaeaaaaces 46 N/A 
Operating Voltage Range..................... +4.5V to +5.5V Maximum Junction Temperature ° 
Operating Temperature Range Ceramic PAMAGG 0:40 bce ne need baa nsEaeearoaskes +175°C 
C82C52... 0°C to +70°C Plastic Package .....'01ssencvsensanctanveauunsers +150°C 
O2Oe F226 iow bt eteaes ei setuesctaeniond oe 40° Cio <sste SHUM Storage Tampamative Hangs « «<2... “65°C to +150°C 
M82C52...................... ee. 55°C to +125°C Maximum Lead Temperature (Soldering 10s)............ +300°C 


(Lead Tips Only For Surface Mount Packages) 


Die Characteristics 
Cet GOOUE oc wn ode we ok bho e Sb SS4 b SEEN BEC ESBR 1500 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


DC Electrical Specifications Vcc = 5.0V +10%, Ta = 0°C to +70°C (C82C52), Ta = -40°C to +85°C (182C52) 


Ta = -55°C to +125°C (M82C52) 
[syweor | Paraweren [wi [wax [uns [TESTGONDITIONS 
a 
A 
[wri] Sehmit iggerLoge Onetnnutvotage [ Voowos | ~[ v[esetit 
C | setmitTigsertog zor ineatvarase | [enovos | V[ Reset 
WiH(GLK) [Logie One Geckinpatvorage | Vooes | [v | eiemarcca 


VIL (CLK) | Logical Zero Clock Input Voltage foe | 
VOH Output High Voltage | 3.0 | 


VOL Output Low Voltage 


Input Leakage Current +1.0 Vin = GND or Vcc, DIP Pins 1, 2, 11, 
12, 17, 18, 23, 25, 28 


Ae 


Input/Output Leakage Current -10.0 


Operating Power Supply Current 


ICCOP External Clock F = 2.4576MHz, 
Voc = 5.5V, Vin = Voc or GND, 


Outputs Open 


(Note 1) 


Standby Supply Current 
NOTE: 


1. Guaranteed and sampled, but not 100% tested. ICCOP is typically < 1.5mA/MHz. 


ICCSB 


Capacitance Ty, = 25°C 


SYMBOL 
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AC Electrical Specifications Voc = 5.0V +10%, Ta = 0°C to +70°C (C82C52), Ta = -40°C to +85°C (182052) 
Ta = -55°C to +125°C (M82C52) 


Timing Requirements and Responses 


SYMBOL PARAMETER | MIN, | MAK UNITS TEST CONDITIONS 


Control Consists of RD 
or WR 


1, See AC Test Circuit 


2, See AC Test Circuit 


(8) TWHDX_ | Data Hold Time 


FC Clock Frequency 


(10) | TCHCL | Clock High Time a 
(11) | TCLCH | Clock Low Time a 


TCHCL + TCLCH must 
be = 62.5ns 


MHz 


1 
tx > BFOO 50ns 


Whichever is smaller 


(12) IX Input Rise/Fall Time (External Clock) 


(13) TFCO Clock Output Fall Time 
(14) TRCO Clock Output Rise Time 


CL= 50pf 


= 
ao 


CL = 50pf 
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AC Testing Input, Output Waveforms 


INPUT OUTPUT 
Vin + 0.4V Von 
90% 
OUTPUT I 2p aeeenmanee 
Vit - 0.4V 
FIGURE 12. PROPAGATION DELAY FIGURE 13. ENABLE/DISABLE DELAY 


AC TESTING: All input signals (except IX and RST) must switch between Vj, -0.4V and V1 +0.4V. Input rise and fall times are driven at ins/V. 


Timing Waveform 


NEXT BUS CYCLE 


CSO, AO, A1 i SELECT VALID . 


(1) (3) (2) 


—— > | 
TSVCTL TCTLCTH TCTHSX 


(8) 
HD 
\ 


(1) (3) 
TSvcTe TCTLCTH 


READ (5) (6) 
OPERATION TRLDV “TRHDZ Ps 
. = 
DO-D7 
«O 
=a, 
FIGURE 14. BUS OPERATION aks) 
YOz 
O> 
; - a 
AC Test Circuit O = 
© 
ie 
OUTPUT FROM en 
DEVICE UNDER 
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UART Timing Characterization 


All parameters listed in this table were laboratory bench characterized at room temperature on a small sample of parts. No guarantee is implied. The main intent 
here is to clarify functional operation of the 82C52. 


82C52 UART Timing Characterized with IX = External Clock 


SYMBOL PARAMETER MIN: | MAX | UNITS | TEST CONDITIONS 
(15)} TS1 | CO(UX) Delay from Ix 30 BRSR Bit D7 = 0 
(IX Output) 
(16)| TS2 | CO (BRG) Delay from Ix BRSR Bit D7 = 1 
(BRG Output) 


CO (BRG) Clock Cycle Time all BRSR Bit D7 = 1 


(BRG Output), Note 1 
ra| Tor [sooowerroncoarae [| 
CG 
CS SS 
CS a la 
CC 
CG 
CS a 
fen| we [wmmemsomee TT ff 


NOTES: 


1. Prescaler rate of divide by 1, Divisor Select rate of “external” (divide by 1). The Baud Rate Clock (CO-BRG) operates at 16 times the 
user programmed bit rate. For example, at 1200 baud: TCY = 1/(16 x 1200) = 52. 1s. 


2. A. With TR (Transmitter Register) initially empty, TDTX occurs from the 5th falling edge of CO(BRG) after WR goes high. 


B. With TR initially full, TDTX occurs from the trailing edge of the 16th CO(BRG) in the last Stop bit provided WR went high by the 
trailing edge of the 12th CO(BRG) in the last Stop bit. 


C. With CTS high (disable transmit) and TBR full, TDTX occurs from the 5th falling edge of CO(BRG) after CTS goes low. 
3. TBRE bit D6 in USR is updated each time TBRE changes state. 
4. A. With TR initially empty, TCLTH(TBRE) occurs from the 4th falling edge of CO(BRG) after WR goes high. 


B. With TR initially full, TCLTH(TBRE) occurs from the trailing edge of the 15th CO(BRG) in the last Stop bit provided WR went high 
by the trailing edge of the 12th CO(BRG) in the last Stop bit. 


C. With CTS high (disable transmit) and TBR full, TCLTH(TBRE) occurs from the 4th falling edge of CO(BRG) after CTS goes low. 
5. A. INT on TC; INTEN enabled; USR bit D5(TC) is updated at this time regardless of interrupt configuration. 
- INT on TC occurs from the trailing edge of the 11th CO(BRG) in the last Stop bit if TBR empty at that time. 


Note 3 


Notes 3, 4 


Note 5A, 5B 


B. INTR on receive flags OE, FE, PE. and RBRK: INTEN enabled; Respective USR bits updated at this time regardless of interrupt 
configuration. 


- INT on OE, FE, PE, RBRK occurs from the trailing edge of the 11th CO(BRG) in the last Stop bit. To avoid OE, RD(RBR) must 
go low by the trailing edge of the 8th CO(BRG) in the last Stop bit. 


C. INTRon MS: INTEN and MIEN enabled; USR bit D4(MS) is updated at this time regardless of INTEN/MIEN. 
- INTR on MS occurs whenever CTS or DSR input changes state. 
6. TCTHX is time before end of last Stop bit by which CTS must be inactive (high) to prevent transmission of the character waiting in TBR. 
7. DR bit D7 in USR is updated each time DR changes state. TDRH always from trailing edge of 11th CO(BRG) in last Stop bit. 
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UART Timing Characterization 


TCHCL (11) 


IX 
TCLCH (10) 
(15) 
a =<— TS! 
CO(IX) 
(16) 
pepe “— Ts2 
CO(BRG) 
TCY 
(17) 
FIGURE 15. CLOCK (IX) AND CO TIMING 
CO(BRG) 
<< 16 CO(BRG) PERIODS ea 
—s|  |<—_ TD TX (18) —s|  |<— TDIXx (18) 


TX DATA 


| DATA BIT 


FIGURE 16. TRANSMITTER DATA 


~” 

5 
qwv 
EE 
<x 
a6 
n> 
os 
== 
oS 
Oo 
© 


CO(BRG) 
8 CO(BRG) PERIODS 
<=————__ 16 CO(BRG) PERIODS ——__——» 
RX DATA \ START BIT DATA BIT 
RX BAUD COUNTER 
STARTS HERE 


INTERNAL 
SAMPLE 


FIGURE 17. RECEIVER DATA 
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UART Timing Characterization (continued) 


8/l 9/| 10/1 11/ 12/1 13/1 14/1 15/1 16/ v1 V2 V3 


CO(BRG) 


(20) 
TCLTH -> 


ae. ———- NOTE 2 ~-— +» 


TBRE 


IDLE / START BIT 


SDO LAST STOP BIT / IDLE 


INTR 


11 12 13 14 15 16 1 2 


CO(BRG) 


(24) 


ets 
TBRE . | : 
TDTX 

| | — NOTE 6 ———————"—"——_> 

$SDO LAST STOP BIT | IDLE START BIT 
—————- DISABLED —_—____________> 

FIGURE 18. TRANSMIT TIMING 
NOTES: 


1. TBRE bit D6 in USR is updated each time TBRE changes state. 
2. A. With TR initially empty, TCLTH(TBRE) occurs from the 4th falling edge of CO(BRG) after WR goes high. 


B. With TR initially full, TCLTH(TBRE) occurs from the trailing edge of the 15th CO(BRG) in the last Stop bit provided WR went high by 
the trailing edge of the 12th CO(BRG) in the last Stop bit. 


3. A. With TR (Transmitter Register) initially empty, TDTX occurs from the 5th falling edge of CO(BRG) after WR goes high. 


B. With TR initially full, TOTX occurs from the trailing edge of the 16th CO(BRG) in the last Stop bit provided WR went high by the trailing 
edge of the 12th CO(BRG) in the last Stop bit. 


4. TCTHX is time before end of last Stop bit by which CTS must be inactive (high) to prevent transmission of the character waiting in TBR. 
5. With CTS high (disable transmit) and TBR full, TCLTH(TBRE) occurs from the 4th falling edge of CO(BRG) after CTS goes low. 
6. With CTS high (disable transmit) and TBR full, TDTX occurs from the 5th falling edge of CO(BRG) after CTS goes low. 
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UART Timing Characterization (continued) 


11 12 13 14 15 16 WM J) 3/l 


CO(BRG) 
SDI | LAST STOP BIT \ \ START BIT / IDLE 
RD 
DR 
(21) (23) 
INTR 
FIGURE 19. RECEIVE TIMING 
WR MCR ” 
5 
27 oO 
<> ann - Ee 
<q 
Qo 
id 
RTS/DTR o> 
=s 
Os 
e) 
© 
AD MSR 
DSA/CTS 
INTR 
FIGURE 20. OTHER TIMING 
NOTES: 


1. DR bit D7 in USR is updated each time DR changes state. TDRH always from trailing edge of 11th CO(BRG) in last Stop bit. 


2. INTR on receive fl E, FE, PE, and RBRK: INTEN enabled; Respective USR bits updated at this time regardless of interrupt config- 
uration. 


- INT on OE, FE, PE, RBRK occurs from the trailing edge of the 11th CO(BRG) in the last Stop bit. To avoid OE, RD(RBR) must go low 
by the trailing edge of the 8th CO(BRG) in the last Stop bit. 


3. INTR on MS: INTEN and MIEN enabled; USR bit D4(MS) is updated at this time regardless of INTEN/MIEN. 
- INTRon MS occurs whenever CTS or DSR input changes state. 
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Burn-In Circuits 


Q5 
Q6 
Q7 
Qs 
Q7 
Q8 


Qi 


NOTES: 
1. Voc = 5.5V +0.5V 
GND = OV 


2. Vip = 4.5V +10% 
Vit = -0.2V to +0.4V 

3. Component Values: 
R1 = 1.2KQ, 1/4W, 5% 
R2 = 47KQ, 1/4W, 5% 
R3 = 10KQ, 1/4W, 5% 
C1 = 1.0uF nominal 
C2 = 0.01pF minimum 


Vec 
Q3 
GND 
Q4 
Q5 
Q6 
Q7 
Q8 
Q7 
Qs 
Qi 
Q2 
FO 
vcc/2 
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MD 82C52 CERDIP 

R1 
= hi 28 
R2 a cu R1 

3] 26 
R2 R1 

4) 25) 
R2 R1 
= 5 24) 

6 | 23) 
R2 R1 

22 
R2 R1 

8 | 21) 
R2 R1 

9 20) 
R2 R1 

10) 19) 
R2 R1 
R2 bel i) 

12) 
R2 

13} 16) 

R1 R1 
14) 15) 
MR 82C52 CLCC 

Voc C2 
Q4 GND Q3 GND Voc 
R2 |R2 |A2 | R1 R1 


R2 |R2 /R1 | RI Ri 


Q2 FO vcc/2 GND Vcc 


FO = 100KHz +10%, F1 = FO/2, F2=Fi/2...F12=F11/2 
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GND R3 


vec/2 Vec 


R3 


Die Characteristics 


DIE DIMENSIONS: 
178.7 x 187.0 x 19 +1mils 


METALLIZATION: 
Type: Silicon - Aluminum 
Thickness: 11kA +2 


Metallization Mask Layout 


D1 
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GLASSIVATION: 
Type: Nitrox 
Thickness: 10kA 


WORST CASE CURRENT DENSITY: 
2.07 x 104 A/cm? 


82C52 


SD1 


INTR 


RST 


| TBRE 
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CDP1854A, 
ritiaetvutres CDP1854AC 


Programmable Universal Asynchronous 
March 1997 Receiver/Transmitter (UART) 


uD 


Features Description 


¢ Two Operating Modes The CDP1854A and CDP1854AC are silicon-gate CMOS 

- Mode 0 - Functionally Compatible with Industry Universal Asynchronous Receiver/Transmitter (UART) cir- 

Types Such as the TR1602A and CDP6402 cuits. They are designed to provide the necessary formatting 

- Mode 1 - Interfaces Directly with CDP1800-Series and control for interfacing between serial and parallel data. 

Microprocessors without Additional Components For example, these UARTs can be used to interface between 

a peripheral or terminal with serial I/O ports and the 8-bit 

Full or Half Duplex Operation CDP1800-series microprocessor parallel data bus system. 

The CDP1854A is capable of full duplex operation, i.e., 

simultaneous conversion of serial input data to parallel out- 
Baud Rate put data and parallel input data to serial output data. 


- DC to 200K eitais at Vpp The CDP1854A UART can be programmed to operate in one 
- DC to 400K Bits/s at Vpp of two modes by using the mode control input. When the 
input is high (MODE = 1), the CDP1854A is directly compati- 


“aR ; —_ ble with the CDP1800-series microprocessor system without 
Pant 6 Bite), Pace I, Re OS Pen, ane additional interface circuitry. When the mode input is low 


ay ee SES ep BES (MODE = 0), the device is functionally compatible with indus- 
° False Start Bit Detection try standard UART’s such as the TR1602A and CDP6402. It 
is also pin compatible with these types, except that pin 2 is 

Ordering Information used for the mode control input. 


TEMP. 5V/200K 10V/400K The CDP1854A and the CDP1854AC are functionally identi- 

RANGE BAUD BAUD cal. The CDP1854A has a recommended operating voltage 

POP | -0°Ct 85°C CDPTa54ACE [CDP 1854AE range of 4V to 10.5V, and the CDP1854AC has a recom- 
- ee eee mended operating voltage range of 4V to 6.5V. 


a In CDP1854ACEX |CDP1854AEX |E40.6 


Parity, Framing and Overrun Error Detection 


Fully Programmable with Externally Selectable Word 


PLCC -40°C to +85°C ICDP1854ACQ |CDP1854AQ_ |N44.65 
—— -40°C to +85°C |CDP1854ACD |CDP1854AD |p40.6 
CDP1854ACDX f= | D40.6 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 1 93 2 
Copyright © Harris Corporation 1997 5-42 


Pinouts 


CDP1854A, CDP1854AC 


40 LEAD SBDIP, PDIP (MODE 0) 
TOP VIEW 


OE(PE/OE) [1 


MODE o(MODE 1) 


44 LEAD PLCC (Q SUFFIX) 
TOP VIEW 


BiB iesaie a 
a SERR2ER SE 
fons ae o wo 
pee cues 
Li 
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40 LEAD SBDIP, PDIP (MODE 1) 
TOP VIEW 


NC = NO CONNECT 


CRL(RD/WR) 
T BUS 7 

T BUS 6 
TBUS 5 

NC 

T BUS 4 

T BUS 3 

T BUS 2 

T BUS 1 

T BUS 0 
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6 
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> 
< 
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Block Diagram 
Mode Input High (Mode = 1) 
i CDP1802 l 1,2=Vpp 
TRANSMITTER SECTION | INTERFACE | RECEIVER SECTION SuVeg 
fs | 21 = CLEAR 
° E . 2 r 36 = NC 
a - 
CEB ! 2@ € @! we Be 
40] 247 39 | 34] 18] 16 | 38] 37] 17 
SDO | | 
20 
95 TAS ee ee a [ee ele SHIFT 
al |e Si eed REGISTER 
CONTROL [© |, Sd ~~ CONTROL SDI 


RECEIVER 
HOLDING 
REGISTER 


ca 
U 


STATUS THREE-STATE 
REGISTER DRIVERS 


fi 


TRANSMITTER 
HOLDING 
REGISTER 


| 
: 
} 
23] a 35 13 | 22) 14] 15] 19 
gBe & | HSS 
a 
TRANSMITTER BUS RECEIVER BUS 
26 - 33 | (5-12) 
(SEE NOTE 1) (SEE NOTE 1) 
| L (SEENOTE1) ! | | 


NOTE: 1. User Interconnect 
FIGURE 1. MODE 1 BLOCK DIAGRAM (CDP1800-SERIES MICROPROCESSOR COMPATIBLE) 


CDP1854A, CDP1854AC 


Absolute Maximum Ratings Thermal Information 
DC Supply-Voltage Range, (Vpp) Thermal Resistance (Typical, Note 1) Oya (CCIW) 8yjc (PC/W) 
(Voltages Referenced to Vss Terminal) SBUIP PACKAQG. «cs seesssevivwess 55 15 
GOPTSGGA «cise cncceaw sheen nenes yen deansees -0.5 to+11V PUP PHORGUG sie use cnadneeeses 50 N/A 
OO VPA o 4550066 2 885 6600nd DRTEESOhERKa ESI -0.5 to +7V PLCC PAGKOGS 5 «siscaussdaunx aaa 46 N/A 
Input Voltage Range, All Inputs .............. -0.5 to Vpp + 0.5V Maximum Junction Temperature 
DC Input Current, Any One Input.....................006. +10mA Plastic Package... 0.0.0... cc cece cece eee eens +150°C 
Device Dissipation Per Output Transistor CEPene PAEOS «.vscaserdsesseapnerananseanesd +175°C 
Ta = Full Package-Temperature Range .............. 100mW Maximum Storage Temperature Range (Tstq) . . .-65°C to +150°C 
Operating-Temperature Range (Ta) Maximum Lead Temperature (Soldering 10s): 
Package TypeD ............. 2. cece eens -55°C to +125°C At Distance 1/16 +1/32 inch (1.59 +0.79mm) .......... +265°C 
POCKsde TYPO E ONG Oise cui vcawr cea uwanns -40°C to+85°C NOTE: Printed circuit board mount: 57mm x 57mm minimum area x 


1.6mm thick G10 epoxy glass, or equivalent. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. ya is measured with the component mounted on an evaluation PC board in free air. 


Static Electrical Specifications at T, = -40°C to +85°C, Unless Otherwise Noted 


LIMITS 
CDP1854A CDP1854AC 


(NOTE 1) (NOTE 1) 
TYP TYP 


CONDITIONS 


Vin | Yop 


(Vv) UNITS 


PARAMETER (V) 


Ss 


Quiescent Device 
Current 


oO 
- 


Oo ‘ < 
oO fe) 
or on 


Output Low Drive 
(Sink) Current 

(Except pins 24 and 
25) 


Output High Drive 
(Source) Current 


Output Low Drive 
(Sink) Current 
(Pins 24 and 25) 


2 
=k 
oO 


od 
_ 
oO 


Output Voltage 
Low-Level (Note 2) 


Output Voltage 
High-Level (Note 2) 


Input Low Voltage 0.5, 4. 


0.5, 9. 


Input High Voltage 


Input Current 


2S 
on 


So 
ail 
oO 
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CDP1854A, CDP1854AC 


Static Electrical Specifications at T, = -40°C to +85°C, Unless Otherwise Noted (Continued) 


CONDITIONS LIMITS 
CDP1854A CDP1854AC 
Vpp 
(V) 


(NOTE 1) (NOTE 1) 
TYP 


Vo VIN 
PARAMETER (V) (V) 


res pests 


Three-State Output 
Leakage Current 


IOUT 


Operating Current Ipp1 
(Note 3) 


Input Capacitance Cin 
Output Capacitance CoutT 


NOTES: 
1. Typical values are for Ta = 25°C. 


2. loc =!oH = 1A. 
3. Operating current is measured at 200kHz or Vpp = 5V and 400kHz for Vpp = 10V in a CDP1800-series microprocessor system, with 
open outputs. 


Operating Conditions At T, = Full Package-Temperature Range. For maximum reliability, operating conditions should be selected so 
that operation is always within the following ranges: 


CONDITIONS LIMITS 
CDP1854A CDP1854AC 
Vpp 
PARAMETER (V) 


ee ee 


Baud Rate (Receive or Transmit) —- 
a 
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Functional Definitions for CDP1854A 
Terminals Mode 1 CDP1800-Series 
Microprocessor Compatible 


SIGNAL: FUNCTION 

Vpp: 

Positive supply voltage. 

MODE SELECT (MODE): 

A high-level voltage at this input selects CDP1800-series 
microprocessor Mode operation. 

Vss: 

Ground 

CHIP SELECT 2 (CS2): 


A low-level voltage at this input together with CS1 and CS3 
selects the CDP1854A UART. 


RECEIVER BUS (R BUS 7 - R BUS 0): 


Receiver parallel data outputs (may be externally connected 
to corresponding transmitter bus terminals). 


INTERRUPT (INT): 


A low-level voltage at this output indicates the presence of 
one or more of the interrupt conditions listed in Table 1. 


FRAMING ERROR (FE): 


A high-level voltage at this output indicates that the received 
character has no valid stop bit, i.e., the bit following the parity 
bit (if programmed) is not a high-level voltage. This output is 
updated each time a character is transferred to the Receiver 
Holding Register. 


PARITY ERROR or OVERRUN ERROR (PE/OE): 


A high-level voltage at this output indicates that either the PE 
or OE bit in the Status Register has been set (see Status 
Register Bit Assignment, Table 2). 


REGISTER SELECT (RSEL): 


This input is used to choose either the Control/Status 
Registers (high input) or the transmitter/receiver data 
registers (low input) according to the truth table in Table 3. 


RECEIVER CLOCK (RCLOCK): 


Clock input with a frequency 16 times the desired receiver 
shift rate. 


TPB: 
A positive input pulse used as a data load or reset strobe. 
DATA AVAILABLE (DA): 


A low-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 


SERIAL DATA IN (SDI): 


Serial data received on this input line enters the Receiver 
Shift Register at a point determined by the character length. 
A high-level input voltage must be present when data is not 
being received. 


CLEAR (CLEAR): 


A low-level voltage at this input resets the Interrupt Flip- 
Flop, Receiver Holding Register, Control Register, and 
Status Register, and sets SERIAL DATA OUT (SDO) high. 


TRANSMITTER HOLDING REGISTER EMPTY (THRE): 


A low-level voltage at this output indicates that the 
Transmitter Holding Register has transferred its contents to 
the Transmitter Shift Register and may be reloaded with a 
new character. 


CHIP SELECT 1 (CS1): 


A high-level voltage at this input together with CS2 and CS3 
selects the UART. 


REQUEST TO SEND (RTS): 


This output signal tells the peripheral to get ready to receive 
data. CLEAR TO SEND (CTS) is the response from the 
peripheral. RTS is set to a low-level voltage when data is 
latched in the Transmitter Holding Register or TR is set high, 
and is reset high when both the Transmitter Holding Register 
and Transmitter Shift Register are empty and TR is low. 


SERAL DATA OUTPUT (SDO): 


The contents of the Transmitter Shift Register [start bit, data 
bits, parity bit, and stop bit(s)] are serially shifted out on this 
output. When no character is being transmitted, a high level 
is maintained. Start of transmission is defined as the 
transition of the start bit from a high-level to a low-level 
output voltage. 


TRANSMITTER BUS (T BUS 0 - T BUS 7): 


Transmitter parallel data input. These may be externally 
connected to corresponding Receiver bus terminals. 


RD/WR: 


A low-level voltage at this input gates data from the transmitter 
bus to the Transmitter Holding Register or the Control Regis- 
ter as chosen by register select. A high-level voltage gates 
data from the Receiver Holding Register or the Status Regis- 
ter, as chosen by register select, to the receiver bus. 


CHIP SELECT 3 (CS3): 


With high-level voltage at this input together with CS1 and 
CS2 selects the UART. 


PERIPHERAL STATUS INTERRUPT (PSI): 


A high-to-low transition on this input line sets a bit in the 
Status Register and causes an INTERRUPT (INT = low). 


EXTERNAL STATUS (ES): 


A low-level voltage at this input sets a bit in the Status 
Register. 
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CLEAR TO SEND (CTS): TRANSMITTER CLOCK (TCLOCK): 


When this input from peripheral is high, transfer of a Clock input with a frequency 16 times the desired transmitter 
character to the Transmitter Shift Register and shifting of — shift rate. 
serial data out is inhibited. 


TABLE 1. INTERRUPT SET AND RESET CONDITIONS 


(NOTE 1) 
SET (INT = LOW) RESET (INT = HIGH) 


CAUSE CONDITION TIME 
DA (Receipt of Data) Read of Data TPB Leading Edge 


THRE (Note 2) Read of Status or Write of Character | TPB Leading Edge 
(Ability to Reload) 

THRE e TSRE Read of Status or Write of Character | TPB Leading Edge 

(Transmitter Done) 

PSI Read of Status TPB Trailing Edge 

(Negative Edge) 

CTS Read of Status TPB Leading Edge 

(Positive Edge when THRE e TSRE) 


NOTES: 
1. Interrupts will occur only after the IE bit in the Control Register (see Table 4) has been set. 
2. THRE will cause an interrupt only after the TR bit in the Control Register (see Table 4) has been set. 


TABLE 2. STATUS REGISTER BIT ASSIGNMENT 
rs oe ae a 
frowy mes atupuem | | 
+ Polarity reversed at output terminal. 
BIT SIGNAL: FUNCTION 


0 DATA AVAILABLE (DA): When set high, this bit indicates that an entire character has been received and transferred to the Receiver 
Holding Register. This signal is also available at Term. 19 but with its polarity reversed. 


1 OVERRUN ERROR (OE): When set high, this bit indicates that the Data Available bit was not reset before the next character was 
transferred to the Receiver Holding Register. This signal OR’ed with PE is output at Term. 15. 


2 PARITY ERROR (PE): When set high, this bit indicates that the received parity bit does not compare to that programmed by the EVEN 
PARITY ENABLE (EPE) control. This bit is updated each time a character is transferred to the Receiver Holding Register. This signal 
OR’ed with OE is output at Term. 15. 


3 FRAMING ERROR (FE): When set high, this bit indicates that the received character has no valid stop bit, i.e., the bit following the 
parity bit (if programmed) is not a high-level voltage. This bit is updated each time a character is transferred to the Receiver Holding 
Register. This signal is also available at Term. 14. 


4 EXTERNAL STATUS (ES): This bit is set high by a low-level input at Term. 38 (ES). 


5 PERIPHERAL STATUS INTERRUPT (PSI): This bit is set high by a high-to-low voltage transition of Term. 37 (PSI). The INTERRUPT 
output (Term. 13) is also asserted (INT = low) when this bit is set. 


6 TRANSMITTER SHIFT REGISTER EMPTY (TSRE): When set high, this bit indicates that the Transmitter Shift Register has complet- 
ed serial transmission of a full character including stop bit(s). It remains set until the start of transmission of the next character. 


7 TRANSMITTER HOLDING REGISTER EMPTY (THRE): When set high, this bit indicates that the Transmitter Holding Register has 
transferred its contents to the Transmitter Shift Register and may be reloaded with a new character. Setting this bit also sets the THRE 
output (Term. 22) low and causes an INTERRUPT (INT = low), if TR is high. 
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Description of Mode 1 Operation 
CDP1800-Series Microprocessor 
Compatible (Mode Input = Vpp) 


Initialization and Controls 


In the CDP1800-series microprocessor compatible mode, 
the CDP 1854A is configured to receive commands and send 
status via the microprocessor data bus. The register 
connected to the transmitter bus or the receiver bus is 
determined by the RD/WR and RSEL inputs as follows: 


TABLE 3. REGISTER SELECTION SUMMARY 


RSEL | RD/WR | FUNCTION 
Low Low Load Transmitter Holding Register from 
Transmitter Bus 
Low High Read Receiver Holding Register from 
Receiver Bus 
Load Control Register from Transmitter 
Bus 


Read Status Register from Receiver Bus 


In this mode the CDP1854A is compatible with a 
bidirectional bus system. The receiver and transmitter buses 
are connected to the bus. CDP1800-series microprocessor 
I/O control output signals can be connected directly to the 
CDP1854A inputs as shown in Figure 2. The CLEAR input is 
pulsed, resetting the Control, Status, and Receiver Holding 
Registers and setting SERIAL DATA OUT (SDO) high. The 
Control Register is loaded from the Transmitter Bus in order 
to determine the operating configuration for the UART. Data 
is transferred from the Transmitter Bus inputs to the Control 
Register during TPB when the UART is selected (CS1¢ CS2 
e CS3 = 1) and the Control Register is designated (RSEL = 
H, RD/WR = L). The CDP1854<A also has a Status Register 
which can be read onto the Receiver Bus (R BUS 0 - R BUS 
7) in order to determine the status of the UART. Some of 
these status bits are also available at separate terminals as 
indicated in Table 2. 


Transmitter Operation 


Before beginning to transmit, the TRANSMIT REQUEST 
(TR) bit in the Control Register (see bit assignment, Table 4) 
is set. Loading the Control Register with TR = 1 (bit 7 = high) 
inhibits changing the other control bits. Therefore two loads 
are required: one to format the UART, the second to set TR. 
When TR has been set, a TRANSMITTER HOLDING REG- 
ISTER EMPTY (THRE) interrupt will occur, signalling the 
microprocessor that the Transmitter Holding Register is 
empty and may be loaded. Setting TR also causes assertion 
of a low-level on the REQUEST TO SEND (RTS) output to 
the peripheral. It is not necessary to set TR for proper opera- 
tion for the UART. If desired, it can be used to enable THRE 
interrupts and to generate the RTS signal. The Transmitter 
Holding Register is loaded from the bus by TPB during exe- 
cution of an output instruction. The CDP1854A is selected 
by CS1 e CS2 e CS3 = 1, and the Holding Register is 
selected by RSEL = L and RD/WR = L. When the CLEAR 
TO SEND (CTS) input, which can be connected to a periph- 
eral device output, goes low, the Transmitter Shift Register 


will be loaded from the Transmitter Holding Register and 
data transmission will begin. If CTS is always low, the Trans- 
mitter Shift Register will be loaded on the first high-to-low 
edge of the clock which occurs at least 1/2 clock period after 
the trailing edge of TPB and transmission of a start bit will 
occur 1/2 clock period later (see Figure 3). Parity (if pro- 
grammed) and stop bit(s) will be transmitted following the 
last data bit. If the word length selected is less than 8 bits, 
the most significant unused bits in the transmitter shift regis- 
ter will not be transmitted. 


One transmitter clock period after the Transmitter Shift Reg- 
ister is loaded from the Transmitter Holding Register, the 
THRE signal will go low and an interrupt will occur (INT goes 
low). The next character to be transmitted can then be 
loaded into the Transmitter Holding Register for transmission 
with its start bit immediately following the last stop bit of the 
previous character. This cycle can be repeated until the last 
character is transmitted, at which time a final THRE e TSRE 
interrupt will occur. This interrupt signals the microprocessor 
that TR can be turned off. This is done by reloading the orig- 
inal control byte in the Control Register with the TR bit 0, 
thus terminating the REQUEST TO SEND (RTS) signal. 


SERIAL DATA OUT (SDO) can be held low by setting the 
BREAK bit in the Control Register (see Table 4). SDO is held 
low until the BREAK bit is reset. 


TCLOCK R CLOCK 


PERIPHERAL 


CLEAR MODE 


FIGURE 2. RECOMMENDED CDP1800-SERIES CONNECTION, 
MODE 1 (NON-INTERRUPT DRIVEN SYSTEM) 


Receiver Operation 


The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After detection of the first 
high-to-low transition on the SDI line, a valid start bit is 
verified by checking for a low-level input 7-1/2 receiver clock 
periods later. When a valid start bit has been verified, the fol- 
lowing data bits, parity bit (if programmed) and stop bit(s) are 
shifted into the Receiver Shift Register by clock pulse 7-1/2 
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in each bit time. The parity bit (if programmed) is checked 
and receipt of a valid stop bit is verified. On count 7-1/2 of 
the first stop bit, the received data is loaded into the 
Receiver Holding Register. If the word length is less than 8 
bits, zeros (low output level) are loaded into the unused most 
significant bits. If DATA AVAILABLE (DA) has not been reset 
by the time the Receiver Holding Register is loaded, the 
OVERRUN ERROR (OE) status bit is set. One half clock 
period later, the PARITY ERROR (PE) and FRAMING 
ERROR (FE) status bits become valid for the character in 
the Receiver Holding Register. At this time, the Data 
Available status bit is also set and the DATA AVAILABLE 
(DA) and INTERRUPT (INT) outputs go low, signalling the 
microprocessor that a received character is ready. The 
microprocessor responds by executing an input instruction. 
The UART’s three-state bus drivers are enabled when the 
UART is selected (CS1 ¢ CS2 ¢ CS3 = 1) and RD/WR = 
high. Status can be read when RSEL = high. Data is read 
when RSEL = low. When reading data, TPB latches data in 


the microprocessor and resets DATA AVAILABLE (DA) in the 
UART. The preceding sequence is repeated for each serial 
character which is received from the peripheral. 


Peripheral Interface 


In addition to serial data in and out, four signals are provided 
for communication with a peripheral. The REQUEST TO 
SEND (RTS) output signal alerts the peripheral to get ready 
to receive data. The CLEAR TO SEND (CTS) input signal is 
the response, signalling that the peripheral is ready. The 
EXTERNAL STATUS (ES) input latches a peripheral status 
level, and the PERIPHERAL STATUS INTERRUPT (PSI) 
input senses a status edge (high-to-low) and also generates 
an interrupt. For example, the modem DATA CARRIER 
DETECT line could be connected to the PSI input on the 
UART in order to signal the microprocessor that 
transmission failed because of loss of the carrier on the 
communications line. The PSI and ES bits are stored in the 
Status Register (see Table 2). 


TABLE 4. CONTROL REGISTER BIT ASSIGNMENT 


BIT 
SIGNAL 
BIT SIGNAL: FUNCTION 


an 


<a 
ae oe 


Eee EAS 
ELS 


O PARITY INHIBIT (PI): When set high parity generation and verification are inhibited and the PE Status bit is held low. If parity is 
inhibited the stop bit(s) will immediately follow the last data bit on transmission, and EPE is ignored. 


1 EVEN PARITY ENABLE (EPE): When set high, even parity is generated by the transmitter and checked by the receiver. When low, 


odd parity is selected. 


2 STOP BIT SELECT (SBS): See table below. 
3 WORD LENGTH SELECT 1 (WLS1): See table below. 
4 WORD LENGTH SELECT 2 (WLS2): See table below. 


5 INTERRUPT ENABLE (IE): When set high THRE, DA, THRE e TSRE, CTS, and PSI interrupts are enabled (see Interrupt Conditions, 


Table 1). 


TRANSMIT BREAK (BREAK): Holds SDO low when set. Once the break bit in the control register has been set high, SDO will stay 
low until the break bit is reset low and one of the following occurs: CLEAR goes low; CTS goes high; or a word is transmitted. (The 
transmitted word will not be valid since there can be no start bit if SDO is already low. SDO can be set high without intermediate 


transitions by transmitting a word consisting of all zeros). 


TRANSMIT REQUEST (TR): When set high, RTS is set low and data transfer through the transmitter is initiated by the initial THRE 
interrupt. (When loading the Control Register from the bus, this (TR) bit inhibits changing of other control flip-flops). 


BIT 4 BIT 3 BIT 2 
WLS2 WLS1 SBS FUNCTION 
5 data bits, 1 stop bit 


5 data bits, 1.5 stop bits 
6 data bits, 1 stop bit 


ae ae ee 

a : 

es a } 

re ee ee ee 
ee 
a ce et 
a a ee : 
. 


| 
1 
1 


1 


a a 


8 data bits, 1 stop bit 


7 data bits, 2 stop bits 
8 data bits, 2 stop bits 
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Dynamic Electrical Specifications T, = -40°C to +85°C, Vpp +5%, tp, te = 20ns, Vipy = 0.7 Vpp, Vi = 0.3 Vpp; Cy = 100pF, 


(See Figure 3) 
PARAMETER TYP one TYP MAX UNITS 
TRANSMITTER TIMING - MODE 1 


Minimum Clock Period | 250 | 
ee cee 


Minimum Pulse Width 
Clock Low Level 5 100 125 
Clock High Level | 100 | 


Minimum Setup Time 
TPB to Clock 


| 100 
HE 
a 
Propagation Delay Time 
Clock to Data Start Bit po 
a 
TPB to THRE | 200 

a 

| 200 | 

—a. 


Clock to THRE 


NOTES: 
1. Typical values for Ta = 25°C and nominal voltages. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 


TRANSMITTER HOLDING TRANSMITTER SHIFT 
REGISTER LOADED REGISTER LOADED 
(NOTE 1) (NOTE 2) 
ate) "OC tao 


tcH | 


T CLOCK al fis 1] fot [3b fa 
—>| —«— tcp 
WRITE (TPB) 
(NOTE 3) 


THRE 


SDO i 22 f 1ST DATA BIT 
NOTES: 


1. The holding register is loaded on the trailing edge of TPB. 

2. The Transmitter Shift Register is loaded on the first high-to-low transition of the clock which occurs at least 1/2 clock period + ttc after 
the trailing edge of TPB and transmission of a start bit occurs 1/2 clock period + tcp later. 

3. Write is the overlap of TPB, CS1, and CS3 = 1 and CS3, RD/WR = 0. 


FIGURE 3. TRANSMITTER TIMING DIAGRAM - MODE 1 
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Dynamic Electrical Specifications T, = -40°C to +85°C, Vpp +5%, tp, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp, Cr = 100pF, 
(See Figure 4) 


LIMITS 
| CDPIaS4A | 854A CDP1854AC 
Vpp (NOTE 1) a 2) | (NOTE 1) | (NOTE 2) 
PARAMETER (V) TYP MAX TYP MAX UNITS 


RECEIVER TIMING - MODE 1 


Minimum Clock Period 


Minimum Pulse Width 
Clock Low Level 


Clock High Level 


Minimum Setup Time 
Data Start Bit to Clock 


Propagation Delay Time 


TPB to DATA AVAILABLE TDA 
Clock to DATA AVAILABLE tcDA 
Clock to Overrun Error tCOE 
Clock to Parity Error tcpE 
Clock to Framing Error tCFE 


NOTES: 
1. Typical values for Ta = 25°C and nominal voltages. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 
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t CLOCK 7 1/2 CLOCK 7 1/2 LOAD 
——| SC |< SAMPLE HOLDING REGISTER 
tcH | te. 
R CLOCK 2s aisle hens hia islmicMmihisl is 
(NOTE 1 _ vl 
an START BIT PAR a 
tropa /+— Oia 
DA 
READ i sr 
(NOTE 2) 
TPB ee 
vs = tcoE 
OE 
(NOTE 3) ——s = tcPE 
PE 
(NOTE 3) | = 


ee 


NOTES: 


1. If a start bit occurs at a time less than tpc before a high-to-low transition of the clock, the start bit may not be recognized until the next 
high-to-low transition of the clock. The start bit may be completely asynchronous with the clock. 


2. Read is the overlap of CS1, CS3, RD/WR = 1 and CS2 = 0. If a pending DA has not been cleared by a read of the Receiver Holding 
Register by the time a new word is loaded into the Receiver Holding Register, the OE signal will come true. 


3. OE and PE share terminal 15 and are also available as two separate bits in the status register. 
FIGURE 4. MODE 1 RECEIVER TIMING DIAGRAM 


~ 
S 
- a4 
Ee 

 § 
a6 
os 
os 
=> 
Os 
Oo 
try O 

(NOTE: hs 
tasw_ —————> _WRS 
RSEL x . a 


two 
TBUS 7 wey nes 
CS3, CS1 $ 
(NOTE 1) sy CLIMMIIIMMMMA 
pa S ERNARARAANARAR | , PITZZILLLLLLL 


NOTE: 
1. Write is the overlap of TPB, CS1, CS3 = 1 and CS2, RD/WR = 0. 
FIGURE 5. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM 
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Dynamic Electrical Specifications T, = -40°C to +85°C, Vpp +5%, tp, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp, Cy = 100pF, 
(See Figure 5) 


LIMITS 


CDP1 | CDPI8S4A | CDPI854AC 
Yoo (NOTE 1) a 2) | (NOTE —— (NOTE 2) 
PARAMETER TYP MAX TYP MAX UNITS 
CPU INTERFACE - WRITE TIMING - MODE 1 


Minimum Pulse Width 
TPB 


Minimum Setup Time 
RSEL to Write 


Data to Write 


Minimum Hold Time 
RSEL after Write 


Data after Write 


NOTES: 
1. Typical values for Ta = 25°C and nominal voltages. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 


Dynamic Electrical Specifications T, = -40°C to +85°C, Vpp +5%, tp, te = 20ns, Viy = 0.7 Vpp, Vi = 0.3 Vpp, Cy = 100pF, 
(See Figure 6) 


LIMITS 
CDP1854A CDP1854AC 
ie i We a WD 
PARAMETER TYP MAX TYP MAX UNITS 
CPU INTERFACE - READ TIMING - MODE 1 


Minimum Pulse Width 
TPB 


Minimum Setup Time 
RSEL to TPB 


Minimum Hold Time 
RSEL after TPB 


Read to Data Access Time tRDDA 
Read to Data Valid Time tRov 
RESEL to Data Valid Time tRspv 


Hold Time 
Data after Read 


_ 
oO 


N 
on 


nk, 
1o1) 
oO 


NOTES: 
1. Typical values for Ta = 25°C and nominal voltages. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 
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ttt 
TPB 
tasty. —————> ‘TRS 
RSEL |] 
R BUS 0- 
R BUS 7 = 


—s/ tRpH |= 


Mee NOTE 1) NNN CAMAAAAAABMBD 
<2 AANA ee A LLLLSILIIIL 
NOTE: 


1. Read is the overlap of CS1, CS3, RD/WR = 1 and CS2 = 0. 
FIGURE 6. MODE 1 CPU INTERFACE (READ) TIMING DIAGRAM 


Mode Input Low (Mode = 0) 


4 1=Vpp 
T CLOCK l R CLOCK 2, 3=Vss 
40 17 21=MR 
SDO 
TRANSMITTER | RECEIVER RECEIVER | 20 
TIMING AND TIMING AND SHIFT SDI 
CONTROL | CONTROL REGISTER 
| 
i 
| RECEIVER 
PARITY HOLDING ¥ 
GEN | REGISTER ao 
freon Se 
ale 
Q0O 
Na 
TRANSMITTER O> 
SHIFT a 
25] REGISTER Os 
e) 
| : 
| 
TRANSMITTER CONTROL | 16 STATUS i THREE-STATE 
HOLDING REGISTER REGISTER REGISTER DRIVERS 
26 27 28 29 30 31 32 33 35 36 39 38 37 22 24 13 14 15 19 5 6 7 8 9 10 11 12 
| 
pe Gee ees we P2EGe clap BEER SS errr: 
QDNNNDDNY HY TAAL a i SFD DAR RRD 
aaa aRaDRDD on“ 3 S a E£ aanaaaDBRaEZD 
Frere Fe Fe FF Fe | coamcanoeaeteeee 
TRANSMITTER BUS RECEIVER BUS 
TRANSMITTER SECTION | RECEIVER SECTION 


I 
FIGURE 7. MODE 0 BLOCK DIAGRAM (INDUSTRY STANDARD COMPATIBLE) 
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Functional Definitions for CDP1854A 
Terminals Standard Mode 0 


SIGNAL: FUNCTION 
Vpp: 

Positive supply voltage. 
MODE SELECT (MODE): 


A low-level voltage at this input selects Standard Mode 0 
Operation. 


Vss: 
Ground. 


RECEIVER REGISTER DISCONNECT (RRD): 


A high-level voltage applied to this input disconnects the 
Receiver Holding Register from the Receiver Bus. 


RECEIVER BUS (R BUS 7 - R BUS 0): 
Receiver parallel data outputs. 
PARITY ERROR (PE): 


A high-level voltage at this output indicates that the received 
parity does not compare to that programmed by the EVEN 
PARITY ENABLE (EPE) control. This output is updated each 
time a character is transferred to the Receiver Holding Reg- 
ister. PE lines from a number of arrays can be bused 
together since an output disconnect capability is provided by 
the STATUS FLAG DISCONNECT (SFD) line. 


FRAMING ERROR (FE): 


A high-level voltage at this output indicates that the received 
character has no valid stop bit, i.e., the bit following the parity 
bit (if programmed) is not a high-level voltage. This output is 
updated each time a character is transferred to the Receiver 
Holding Register. FE lines from a number of arrays can be 
bused together since an output disconnect capability is pro- 
vided by the STATUS FLAG DISCONNECT (SFD) line. 


OVERRUN ERROR (OE): 


A high-level voltage at this output indicates that the DATA 
AVAILABLE (DA) flag was not reset before the next charac- 
ter was transferred to the Receiver Holding Register. OE 
lines from a number of arrays can be bused together since 
an output disconnect capability is provided by the STATUS 
FLAG DISCONNECT (SFD) line. 


STATUS FLAG DISCONNECT (SFD): 


A high-level voltage applied to this input disables the three- 
state output drivers for PE, FE, OE, DA, and THRE, allowing 
these status outputs to be bus connected. 


RECEIVER CLOCK (RCLOCK): 


Clock input with a frequency 16 times the desired receiver 
shift rate. 


DATA AVAILABLE RESET (DAR): 


A low-level voltage applied to this input resets the DA flip- 
flop. 


DATA AVAILABLE (DA): 


A high-level voltage at this output indicates that an entire 
character has been received and transferred to the Receiver 
Holding Register. 


SERIAL DATA IN (SDI): 


Serial data received at this input enters the receiver shift 
register at a point determined by the character length. A 
high-level voltage must be present when data is not being 
received. 


MASTER RESET (MR): 


A high-level voltage at this input resets the Receiver Holding 
Register, Control Register, and Status Register, and sets the 
serial data output high. 


TRANSMITTER HOLDING REGISTER EMPTY (THRE): 


A high-level voltage at this output indicates that the Transmit- 
ter Holding Register has transferred its contents to the 
Transmitter Shift Register and may be reloaded with a new 
character. 


TRANSMITTER HOLDING REGISTER LOAD (THRL): 


A low-level voltage applied to this input enters the character 
on the bus into the Transmitter Holding Register. Data is 
latched on the trailing edge of this signal. 


TRANSMITTER SHIFT REGISTER EMPTY (TSRE): 


A high-level voltage at this output indicates that the Transmit- 
ter Shift Register has completed serial transmission of a full 
character including stop bit(s). It remains at this level until 
the start of transmission of the next character. 


SERIAL DATA OUTPUT (SDO): 


The contents of the Transmitter Shift Register (start bit, data 
bits, parity bit, and stop bit(s)) are serially shifted out on this 
output. When no character is being transmitted, a high-level 
is maintained. Start of transmission is defined as the 
transition of the start bit from a high-level to a low-level 
output voltage. 


TRANSMITTER BUS (T BUS 0 - T BUS 7): 
Transmitter parallel data inputs. 
CONTROL REGISTER LOAD (CRL): 


A high-level voltage at this input loads the Control Register 
with the control bits (Pl, EPE, SBS, WLS1, WLS2). This line 
may be strobed or hardwired to a high-level input voltage. 


PARITY INHIBIT (PI): 


A high-level voltage at this input inhibits the parity generation 
and verification circuits and will clamp the PE output low. If 
parity is inhibited the stop bit(s) will immediately follow the 
last data bit on transmission. 


STOP BIT SELECT (SBS): 


This input selects the number of stop bits to be transmitted 
after the parity bit. A high-level selects two stop bits, a low- 
level selects one stop bit. Selection of two stop bits with five 
data bits programmed selects 1.5 stop bits. 
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TCLOCK R CLOCK 


CPU UART 
CDP1800 


CDP1854A 
TSRE 


FIGURE 8. MODE 0 CONNECTION DIAGRAM 


WORD LENGTH SELECT 2 (WLS2): 
WORD LENGTH SELECT 1 (WLS1): 


These two inputs select the character length (exclusive of 
parity) as follows: 


WLS2 WLS1 WORD LENGTH 


EVEN PARITY ENABLE (EPE): 


A high-level voltage at this input selects even parity to be 
generated by the transmitter and checked by the receiver. A 
low-level input selects odd parity. 


TRANSMITTER CLOCK (TCLOCK): 


Clock input with a frequency 16 times the desired transmitter 
shift rate. 


Description of Standard Mode 0 Operation 
(Mode Input = Vss) 


Initialization and Controls 


The MASTER RESET (MR) input is pulsed, resetting the 
Control, Status, and Receiver Holding Registers and setting 
the SERIAL DATA OUTPUT (SDOQ) signal high. Timing is 
generated from the clock inputs, Transmitter Clock 
(TCLOCk) and Receiver Clock (RCLOCK), at a frequency 
equal to 16 times the serial data bit rate. When the receiver 
data input rate and the transmitter data output rate are the 
same, the TCLOCK and RCLOCK inputs may be connected 
together. The CONTROL REGISTER LOAD (CRL) input is 
pulsed to store the control inputs PARITY INHIBIT (PI), 
EVEN PARITY ENABLE (EPE), STOP BIT SELECT (SBS), 
and WORD LENGTH SELECTs (WLS1 and WLS2). These 
inputs may be hardwired to the proper voltage levels (Vss or 


Vpp) instead of being dynamically set and CRL may be 
hardwired to Vpp. The CDP1854A is then ready for 
transmitter and/or receiver operation. 


Transmitter Operation 


For the transmitter timing diagram refer to Figure 10. At the 
beginning of a typical transmitting sequence the Transmitter 
Holding Register is empty (THRE is HIGH). A character is 
transferred from the transmitter bus to the Transmitter Hold- 
ing Register by applying a low pulse to the TRANSMITTER 
HOLDING REGISTER LOAD (THRL) input causing THRE to 
go low. If the Transmitter Shift Register is empty (TSRE is 
HIGH) and the clock is low, on the next high-to-low transition 
of the clock the character is loaded into the Transmitter Shift 
Register preceded by a start bit. Serial data transmission 
begins 1/2 clock period later with a start bit and 5-8 data bits 
followed by the parity bit (if programmed) and stop bit(s). The 
THRE output signal goes high 1/2 clock period later on the 
high-to-low transition of the clock. When THRE goes high, 
another character can be loaded into the Transmitter Holding 
Register for transmission beginning with a start bit immedi- 
ately following the last stop bit of the previous character. This 
process is repeated until all characters have been transmit- 
ted. When transmission is complete, THRE and Transmitter 
Shift Register Empty (TSRE) will both be high. The format of 
serial data is shown in Figure 12. Duration of each serial out- 
put data bit is determined by the transmitter clock frequency 
(CLOCK) and will be 16/f CLOCK. 


Receiver Operation 


The receive operation begins when a start bit is detected at 
the SERIAL DATA IN (SDI) input. After the detection of a 
high-to-low transition on the SD line, a divide-by-16 counter 
is enabled and a valid start bit is verified by checking for a 
low-level input 7-1/2 receiver clock periods later. When a 
valid start bit has been verified, the following data bits, parity 
bit (if programmed), and stop bit(s) are shifted into the 
Receiver Shift Register at clock pulse 7-1/2 in each bit time. 
If programmed, the parity bit is checked, and receipt of a 
valid stop bit is verified. On count 7-1/2 of the first stop bit, 
the received data is loaded into the Receiver Holding Regis- 
ter. If the word length is less than 8 bits, zeros (low output 
voltage level) are loaded into the unused most significant 
bits. lf DATA AVAILABLE (DA) has not been reset by the time 
the Receiver Holding Register is loaded, the OVERRUN 
ERROR (OE) signal is raised. One-half clock period later, 
the PARITY ERROR (PE) and FRAMING ERROR (FE) sig- 
nals become valid for the character in the Receiver Holding 
Register. The DA signal is also raised at this time. The three- 
state output drivers for DA, OE, PE and FE are enabled 
when STATUS FLAG DISCONNECT (SFD) is low. When 
RECEIVER REGISTER DISCONNECT (RRD) goes low, the 
receiver bus three-state output drivers are enabled and data 
is available at the RECEIVER BUS (R BUS 0 - R BUS 7) out- 
puts. Applying a negative pulse to the DATA AVAILABLE 
RESET (DAR) resets DA. The preceding sequence of opera- 
tion is repeated for each serial character received. A receiver 
timing diagram is shown in Figure 11. 
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CDP1854A, CDP1854AC 


Dynamic Electrical Specifications T, = -40°C to +85°C, Vpp +5%, tp, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp, CL = 100pF, 


(See Figure 9) 
PARAMETER (V) TYP MAX TYP MAX UNITS 
INTERFACE TIMING - MODE 0 


Minimum Pulse Width 


CRL 150 


5 
10 


a 

i eo 

ee 

Minimum Setup Time re 
Le 


Control Word to CRL 5 


co 
co 
50 
50 
20 
a 
50 


Minimum Hold Time 
Control Word after CRL 


Propagation Delay Time 
SFD High to SOD 


5 


SFD Low to SOD 


RRD High to Receiver Register 5 


100 

50 

200 

40 

20 

150 
= 
As cereeet 
ae — 
aes 
High Impedance 100 #4 


a oe 
Lee 
ps 
ae 
ps | 
ps 
ae 
ed 
Le 
oe 
ae 
a 


RRD Low to Receiver Register Active 


Leal 
Le 
Lo 
a 
Ea 
coe 
ae 
Ee 
oe 
i 


Le 
7 
ae ae 


NOTES: 
1. Typical values for Ta = 25°C and nominal voltages. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 


CONTROL INPUT WORD TIMING 
CONTROL WORD INPUT 


—<—_—___—_—— tcwc ——— tecw 


aaa tcRL ———+| 


STATUS OUTPUT TIMING 


STATUS OUTPUTS 
tsEDH aia —— ae =<— ‘SFDL 
SFD rr’ 


RECEIVER REGISTER DISCONNECT TIMING 


R BUS 0 
R BUS 7 
taRDH—>| — ~-<— trroL 


RRD 


FIGURE 9. MODE 0 INTERFACE TIMING DIAGRAM 
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CDP1854A, CDP1854AC 


Dynamic Electrical Specifications T, = -40°C to +85°C, Vpp +5%, tr, te = 20ns, Vip = 0.7 Vpp, Vi = 0.3 Vpp, CL = 100pF, 


(See Figure 10) 
LIMITS 
CDP1854A CDP1854AC 


Vop (NOTE 1) | (NOTE 2) | (NOTE 1) | (NOTE 2) 
PARAMETER (Vv) TYP MAX TYP MAX UNITS 


TRANSMITTER TIMING - MODE 0 


Minimum Clock Period 


Minimum Pulse Width 
Clock Low Level 


Clock High Level 


Minimum Setup Time 
THRL to Clock 


Data to THRL 


Minimum Hold Time 
Data after THRL 


Propagation Delay Time 
Clock to Data Start Bit 


Clock to THRE 


THRL to THRE 


Clock to TSRE 


ee 


NOTES: 
1. Typical values for Ta = 25°C and nominal voltages. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1854A, CDP1854AC 


Dynamic Electrical Specifications Ty, = -40°C to +85°C, Vpp +5%, tr, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp, CL = 100pF, 


(See Figure 11) 
LIMITS 
CDP1854A CDP1854AC 


Vop (NOTE 1) | (NOTE 2) | (NOTE 1) | (NOTE 2) 
PARAMETER (V) TYP MAX TYP MAX UNITS 


RECEIVER TIMING - MODE 0 


Minimum Clock Period 


Minimum Pulse Width 


Clock Low Level 100 


Clock High Level 


DATA AVAILABLE RESET 


Minimum Setup Time 
Data Start Bit to Clock 


Propagation Delay Time 


DATA AVAILABLE RESET to toDA 
Data Available 


Clock to Data Valid tcpv 
Clock to Data Available tCDA 


Clock to Overrun Error tcoE 


Clock to Parity Error tCPE 


Clock to Framing Error tcFE 


NOTES: 
1. Typical values for Ta = 25°C and nominal voltages. 
2. Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1854A, CDP1854AC 


TRANSMITTER HOLDING 
REGISTER LOADED 
(NOTE 1) TRANSMITTER SHIFT 
ene "CC gene REGISTER LOADED 
len te / (NOTE 2) 
T CLOCK LLRs Leh sL a7 kL LL 
ttHCc —> 
THRL x 
<e—tTHTH tcp —r| |<— tcp 
SDO ST DATA BIT 
tTTHR—= _— i tcT 
Pesaro Re MRO ERECTA NP 
THRE 
—a —=—trrs 
DT TD 


NOTES: 
1. The holding register is loaded on the trailing edge of THRL. 
2. The transmitter shift register, if empty, is loaded on the first high-to-low transition of the clock which occurs at least 1/2 clock period + tryc 
after the trailing edge of THRL and transmission of a start bit occurs 1/2 clock period + tcp later. 


FIGURE 10. MODE 0 TRANSMITTER TIMING DIAGRAM 


t CLOCK 7 1/2 CLOCK 7 1/2 LOAD 
| CS <= SAMPLE HOLDING REGISTER 
tcH | teL 
R CLOCK es ase hea eis ishichi7h ish is 


eq 


(NOT 
SDI START BIT PARITY STOP BIT 1 
«—tcpv 


2] 
R BUS 0 S 
: Pac) 
R BUS 7 ld a 
i ao 
w”) Sea 
DA ma 2 = 
_ ie — tppa me |~—tepa 5 
ee, 
jan ty ‘COE — = 
OE 
(NOTE 2) tcpe—>| |= 
PE 
tcrE—> =< 
PE 


NOTES: 
1. If a start bit occurs at a time less than tpc before a high-to-low transition of the clock, the start bit may not be recognized until the next 
high-to-low transition of the clock. The start bit may be completely asynchronous with the clock. 
2. Ifa pending DA has not been cleared by a read of the receiver holding register by the time a new word is loaded into the receiver holding 
register, the OE signal will come true. 


FIGURE 11. MODE 0 RECEIVER TIMING DIAGRAM 


— <= 16 / foLocKk 


NEXT DATA WORD 


N 5 - 8 DATA BITS ri |-— STOP BITS 1, 1-1/2 OR 2 
<_ DATA DATA 
ee a PARITY BIT 


FIGURE 12. SERIAL DATA WORD FORMAT 


START BIT _ 
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CDP1854A/3, 
CDP1854AC/3 


High Reliability CMOS Programmable Universal 


Features 


¢ Two Operating Modes 


- Mode 0 - Functionally Compatible with Industry 
Types Such as the TR1602A and CDP6402 


- Mode 1 - Interfaces Directly with CDP1800 Series 
Microprocessors without Additional Components 


e Full or Half-Duplex Operation 
¢ Parity, Framing, and Overrun Error Detection 


¢ Fully Programmable with Externally Selectable Word 
Length (5-8 Bits), Parity Inhibit, Even/Odd Parity, and 
1, 1-1/2, or 2 Stop Bits 


Ordering Information 


TEMP. 5V/200K 10V/400K 
RANGE BAUD BAUD 


SBDIP _|-55°C to +125°C | CDP1854ACD3| CDP1854ACD3 


Pinouts 


CDP1854A/3, CDP1854AC/3 (SBDIP) (MODE 0) 
TOP VIEW 


MODE (Vgs) [2 | 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


Asynchronous Receiver/Transmitter (UART) 


Description 


The CDP1854A/3 and CDP1854AC/3 are high reliability 
silicon gate CMOS Universal Asynchronous Receiver/Trans- 
mitter (UART) circuits. They are designed to provide the 
necessary formatting and control for interfacing between 
serial and parallel data. For example, these UARTs can be 
used to interface between a peripheral or terminal with serial 
/O ports and the 8-bit CDP1800-series microprocessor 
parallel data bus system. The CDP1854A/3 is capable of full 
duplex operation, i.e., simultaneous conversion of serial 
input data to parallel output data and parallel input data to 
serial output data. 


The CDP1854A/3 UART can be programmed to operate in 
one of two modes by using the mode control input. When the 
mode input is high (MODE = 1), the CDP1854A/3 is directly 
compatible with the CDP1800 series microprocessor system 
without additional interface circuitry. When the mode input is 
low (MODE = 0), the device is functionally compatible with 
industry standard UARTs such as the TR1602A and 
CDP6402. It is also pin compatible with these types, except 
that pin 2 is used for the mode control input. 


The CDP1854A/3 and the CDP1854AC/3 are functionally 
identical. The CDP1854A/3 has a recommended operating 
voltage range of 4V to 10.5V, and the CDP1854AC/3 has a 
recommended operating voltage range of 4V to 6.5V. 


CDP1854A/3, CDP1854AC/3 (SBDIP) (MODE 1) 
TOP VIEW 


MODE (Vpp) [2] 


NC = NO CONNECT 


File Number 
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1715.2 


CDP1854A/3, CDP1854AC/3 


Absolute Maximum Ratings Thermal Information 
DC Supply-Voltage Range, (Vpp) Thermal Resistance (Typical, Note 1) Oya (CCIW) 8jc (PCCW) 
(All voltages referenced to Vss terminal) SSW PACKAIG. sccincesawvree wre 55 15 
PF VEST is ko whe oe be needa Oe eee eH EEK S -0.5to+11V Maximum Junction Temperature.................00005 +150°C 
GOPIOGIAGES oc ve ceeekabuverasedancsavanens -0.5to+7V Maximum Storage Temperature Range (Tstq) . . .-65°C to +150°C 
Input Voltage Range, All Inputs .............. -0.5 to Vpp +0.5V Maximum Lead Temperature (Soldering 10s) 
DC Input Current, Any One Input......................... +10mA At Distance 1/16 +1/32 inch (1.59 +0.79mm) .......... +265°C 
Device Dissipation Per Output Transistor 
For Ta = Full Package-Temperature Range ........... 100mW 
Operating-Temperature Range (Ta) 
Package Typ6 Oss ccccavisasarcvnrvevswreaets -55°C to +125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


CONDITIONS LIMITS 
55°C, +25°C +125°C 
Vo VIN Vpp 
PARAMETER (V) (V) (V) | MAX | 


1000 


Static Electrical Specifications 


UNITS 


> 


Quiescent Device Current m 


1000 WA 


>) 
on 
> 


Output Low Drive 
(Sink) Current 


Ne) 
> 


Output High Drive -0.35 mA 


(Source) Current 


-0.70 mA 


reste | 
Pes fe fe 


Output Voltage Low-Level 
(Note 1) 


Lh 
i¢e) 


Output Voltage 
High Level (Note 1) 


_ 
on 


Input Low Voltage 


ie) 
on 


Input High Voltage 


Input Leakage Current 


oa 


ae 
eal 
io) 
=| 
> 


Three-State Output 
Leakage Current 


0, 10 0, 10 


He 
Olo 
o ltr 
nn 


wT 
TT 


Output Capacitance (Note 1) CoutT 


= salle 
uo 


NOTE: 
1. Guaranteed but not tested. 
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Specifications CDP1854A/3, CDP1854AC/3 


Operating Conditions At T, = Full Package-Temperature Range. For maximum reliability, operating conditions should be selected so 


that operation is always within the following ranges: 
UNITS 


CONDITIONS LIMITS 
a 55°0, 125°C are 
Le 
| voo | 


Vpp 

PARAMETER (V) 
6.5 
Vpp 


DC Operating Voltage Range 
Input Voltage Range 


Baud Rate (Receive or Transmit) 


re ae 
re ee 
ae ee 


Dynamic Electrical Specifications tp, te = 15ns, Vi = Vpp. Vit = Vss, Cy = 100pF, (See Figure 1) 


PARAMETER 


TRANSMITTER TIMING - MODE 1 


Clock Period 


Pulse Width 
Clock Low Level 


Clock High Level 


Propagation Delay Time 
Clock to Data Start Bit 


TPB to THRE 


Clock to THRE 
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CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Specifications tp, t¢ = 15ns, Vin = Vpp, Vit = Vss, Cy = 100pF, (See Figure 2) 


PARAMETER 
RECEIVER TIMING - MODE 1 


Clock Period 


Pulse Width 
Clock Low Level 


Clock High Level 


Setup Time 
Data Start Bit to Clock 


Propagation Delay Time 
TPB to DATA AVAILABLE 


Clock to DATA AVAILABLE 


Clock to Overrun Error 


Clock to Parity Error 


Clock to Framing Error 


-55°C, +25°C +125°C 


LIMITS 
Vpp : 
mf MN | pomin [MAX 


ae ce 
a oe 
oe 
ee oe 
ee 
pw | 


a 
— 
= 
ee 


cz 
— 
aa 

2 

1 

3 

1 

3 

1 

3 

1 

2 


95 
50 
05 
50 
05 
05 
50 
80 
145 


5 
10 
10 
10 
. rs 
10 
ae ee 
sf tm 
ee 
ee ae 
a i i oe 
fe 
ee LS 
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CDP1854A/3, CDP1854AC/3 


TRANSMITTER HOLDING TRANSMITTER SHIFT 
REGISTER LoAnED REGISTER LOADED 
(NOTE 1) (NOTE 2) 


ait TOE bees 
ea ed 
3 


T CLOCK 


WRITE (TPB 
(NOTE 3 
THRE 

SDO [ 1ST DATA BIT 


NOTES: 
1. The holding register is loaded on the trailing edge of TPB. 


2. The transmitter shift register, if empty, is loaded on the first high-to-low transition of the clock which occurs at least 1/2 clock period + tro 
after the trailing edge of TPB and transmission of a start bit occurs 1/2 clock period + tcp later. 


3. Write is the overlap of TPB, CS1, and CS3 = 1 and CS3, RD/WR = 0 
FIGURE 1. TRANSMITTER TIMING DIAGRAM - MODE 1 


tec CLOCK 7 1/2 CLOCK 7 1/2 LOAD 
= . SAMPLE HOLDING REGISTER 
tcH teL 
R CLOCK 1 2 3 4 5 6 7 16 1 2 3 4 5 6 7 8 9 
DC 
(NOTE 1 —>| 
SDI START BIT PAR STOP BIT 1 
trDaA |<¢— -— tcDa 
DA | | \ 
READ ht rs | 
(NOTE 2) 
ie trr = 
TPB [ ; 
ie — tcoE 
OE 
(NOTE 3) —e — tcPE 
PE 
(NOTE 3) | — 


Se REE CE See OE a TEN An 


NOTES: 


1. Ifa start bit occurs at a time less than tpc before a high-to-low transition of the clock, the start bit may not be recognized until the next 
high-to-low transition of the clock. The start bit may be completely asynchronous with the clock. 


2. Read is the overlap of CS1, CS3, RD/WR = 1 and CS2 = 0. If a pending DA has not been cleared by a read of the receiver holding register 
by the time a new word is loaded into the receiver holding register, the OE signal will come true. 


3. OE and PE share terminal 15 and are also available as two separate bits in the status register. 
FIGURE 2. MODE 1 RECEIVER TIMING DIAGRAM 
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CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Specifications tp, tr = 15ns, Vi = Vpp, Vit = Vss, Cy = 100pF, (See Figure 3) 


LIMITS 
-55°C, +25°C +125°C 
Vop 


CPU INTERFACE - WRITE TIMING - MODE 1 


Pulse Width 
TPB 


Setup Time 
RSEL to Write 


Data to Write p86 | 


<) 
10 
5 
10 
5 
10 
5 
10 
5 
0 


a 
ns 


Hold Time 
RSEL after Write 


Data after Write 


poe | 
= 
rue 
= 
ee 
= 
pa | 
a 
a 
= 


a 


2] 
6 
<= 
Ei 
ttt < 
a6 
TPB NZ 
(NOTE 1) O> 
<—_—__--—_-—- tasw ———— > twas rs = 
RSEL __ 8 
tpw two 
=P 
2 aes 


T BUS 7 SSR PRESALE SR LBL SSNS ERE NS 


(NOTE 1) SSNS COTIIIII ILI LL 
RE) CS VWFHFIZLILLLLLLL 


NOTE: 
1. Write is the overlap of TPB, CS1, CS3 = 1 and CS2, RD/WR = 0. 
FIGURE 3. MODE 1 CPU INTERFACE (WRITE) TIMING DIAGRAM 
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CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Specifications tp, tr = 15ns, Vi = Vpp,. Vit = Vss, CL = 100pF, (See Figure 4) 


LIMITS 


PARAMETER 
CPU INTERFACE - READ TIMING - MODE 1 


Pulse Width 
TPB 


Setup Time 
RSEL to TPB 


Hold Time 
RSEL after TPB 


Propagation Delay Time 
Read to Data Valid Time 


RESEL to Data Valid Time 


tr 
TPB 
trast ————> _ {TRS pa 
RSEL nw 
R BUS 0- 
R BUS 7 a 
RD/WR, CS1, CS3 , 

(NOTE 1) VS LL LLL LLL LL 


NOTE: 


1. Read is the overlap of CS1, CS3, RD/WR = 1 and CS2 = 0. 
FIGURE 4. MODE 1 CPU INTERFACE (READ) TIMING DIAGRAM 
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CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Specifications tp, te = 15ns, Vi = Vpp, Vit = Vss, CL = 100pF, (See Figure 5) 
LIMITS 


PARAMETER 


< 
af 
~"o 


INTERFACE TIMING - MODE 0 


Pulse Width 
CRL 


oO 


[o) 


Setup Time 
Control Word to CRL 


oO 


Hold Time 
Control Word after CRL 


Propagation Delay Time 
SFD High to SOD 


SFD Low to SOD 


RRD High to Receiver Register 
High Impedance 


oO 


RRD Low to Receiver Register Active 


fo) 


” 

fe 
<= 
Ee 
a6 
O90 
05 
== 
Os 
O 
O 


CONTROL INPUT WORD TIMING 


CONTROL WORD BYTE 


CONTROL WORD INPUT 
tccw 
CRL 


an tCRL —_——+| 


STATUS OUTPUT TIMING 


STATUS OUTPUTS 
tsEDH soni —- tSFDL 


RECEIVER REGISTER DISCONNECT TIMING 


R BUS 0 
tanpH—>| ea il tRRDL 


RRD 


FIGURE 5. MODE 0 INTERFACE TIMING DIAGRAM 
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CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Specifications tp, t- = 15ns, Viy = Vpp. Vit = Vss, CL = 100pF, (See Figure 6) 


LIMITS 


-55°C, +25°C +125°C 


PARAMETER 


< 
ae 
— oO 


TRANSMITTER TIMING - MODE 0 


Clock Period tcc 


oO 


Pulse Width 
Clock Low Level tcL 


a 
oO 


Clock High Level 


_ 
oO 


_ 
oO 


Setup Time 
THRL to Clock tTHC 


120 
105 
135 
120 


_ 
oO 


Data to THRL 


Hold Time 
Data after THRL 


Propagation Delay Time 
Clock to Data Start Bit 


Clock to THRE 


aa 
oO 


235 
325 


THRL to THRE 


oO 


pmax 
L = 
Ld 
ae 
a 
a 

4 

2 

34 

2 

34 


Clock to TSRE 


35 
05 
5 
175 
75 
145 
5 
165 


=—s 


—_ —~ 
oOo 


oe oe 
ee ae 
La ee roe 
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CDP1854A/3, CDP1854AC/3 


TRANSMITTER HOLDING 
REGISTER LOADED 
(NOTE 1) 


TRANSMITTER SHIFT 


—— hs REGISTER LOADED 
ton | tL / (NOTE 2) 
T CLOCK pL LL LSE sh shah SE ed 123 
ttHc —> 
THRL 5 
<—tT HTH tcp — >| |<— ‘tcp 
SDO ST DATA BIT 
tTTHR—> > —_ ter 
eC 8 M6 RR AO SE SN NE SARE 
THRE 
—~| |<—trTs 
DT TD 


NOTES: 
1. The holding register is loaded on the trailing edge of THRL. 


2. The transmitter shift register, if empty, is loaded on the first high-to-low transition of the clock which occurs at least 1/2 clock period + tryc 
after the trailing edge of THRL and transmission of a start bit occurs 1/2 clock period + tcp later. 


FIGURE 6. MODE 0 TRANSMITTER TIMING DIAGRAM 


tcc CLOCK 7 1/2 CLOCK 7 1/2 LOAD 7) 
ae ae SAMPLE HOLDING REGISTER z 
tcu | teL < fe 
R CLOCK iPr sati4r isl ier i7hhe if PF ish i4P ist ef ivf ist io aa 
Dc = 
(NOTE 1 ->| 3 < 
SDI START BIT PARITY STOP BIT 1 ss 
—=—tcpv o a 
R BUS 0- 
DATA oO 
R BUS 7 + 
DA ae 
aed \~<— topa ~ = tcDA 
DAR 
Sy, 
top anil ‘coe —— a 
OE 
(NOTE 2) tore —s | , 
PE 
tcrFE—> \~<— 


NOTES: 


1. If a start bit occurs at a time less than tpc before a high-to-low transition of the clock, the start bit may not be recognized until the next 
high-to-low transition of the clock. The start bit may be completely asynchronous with the clock. 


2. If a pending DA has not been cleared by a read of the receiver holding register by the time a new word is loaded into the receiver holding 
register, the OE signal will come true. 


FIGURE 7. MODE 0 RECEIVER TIMING DIAGRAM 
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CDP1854A/3, CDP1854AC/3 


Dynamic Electrical Specifications tp, te = 15ns, Vi = Vpp,. Vit = Vss, CL = 100pF, (See Figure 7) 


LIMITS 
Vpp 
(V) 


-55°C, +25°C +125°C 


PARAMETER UNITS 


BS 
i>) 
oO 


RECEIVER TIMING - MODE 0 


Clock Period 


Pulse Width 
Clock Low Level 


pe | 
7) 


Clock High Level 


DATA AVAILABLE RESET 


Setup Time 
Data Start Bit to Clock 


Propagation Delay Time 
DATA AVAILABLE RESET to top 5 
Data Available 
Clock to Data Valid topv 


Clock to Data Available tCDA 


= 
” 


=| 
” 


ik 
i<e) 
on 
se | 
” 


375 


Clock to Overrun Error tCcoE 5 


St — 
+] © 
ot a) 


Clock to Parity Error tcpE | & | 


215 320 
Clock to Framing Error tCFE 270 320 
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CDP1854A/3, CDP1854AC/3 


=) = 16 /fcLocK 


NEXT DATA WORD 
“ 5 - 8 DATA BITS /, |<— STOP BITS 1, 1-1/2 OR 2 
START BIT —> = 


DATA DATA —> PARITY BIT 
LSB MSB 


FIGURE 8. SERIAL DATA WORD FORMAT 


Burn-In Circuit 


a 
ts 


il 


TTT TTT TTT 
i 


SUELELETL 
HEHEHE 


! 


ALL RESISTORS ARE 47kQ +20% 


TYPE TEMPERATURE TIME 
CDP1854AC/3 +125°C 160 hrs. 


FIGURE 9. BIAS/STATIC BURN-IN CIRCUIT 


5-73 


” 

6 
<= 
EE 
a5 
n> 
05 
== 
Os 
Oo 
Oo 


CDP6402, 
CDP6402C 


CMOS Universal Asynchronous 
Receiver/Transmitter (UART) 


FARRIS 


SEMICONDUCTOR 


1H 


March 1997 

Features Description 
* Low Power CMOS Circuitry.......... 7.5mW (Typ) at The CDP6402 and CDP6402C are silicon gate CMOS 
3.2MHz (Max Freq.) at Vpp =5V Universal Asynchronous Receiver/Transmitter (UART) 
e¢ Baud Rate circuits for interfacing computers or microprocessors to 
- DC to 200K Bits/s (Max) at.............. 5V,85°C asynchronous serial data channels. They are designed to 
- DC to 400K Bits/s (Max) at.............. 10V.85°c Provide the necessary formatting and control for interfacing 
eee between serial and parallel data channels. The receiver 

e 4V to 10.5 Operation 


e Automatic Data Formatting and Status Generation 
Fully Programmable with Externally Selectable Word 
Length (5 - 8 Bits), Parity Inhibit, Even/Odd Parity, and 
1, 1-1/2, or 2 Stop Bits 

Operating Temperature Range 

a GOPG402D, CD .iccccescanevv nes -55°C to +125°C 
« COPG40ZE, CE wn cssussencessncns -40°C to +85°C 


e Replaces Industry Type IM6402 and Compatible with 
HD6402 


Ordering Information 

"nat _[rewp.nance| “avo | BavD™ | Wo. 
TEMP. RANGE BAUD BAUD 

PDIP -40°C to +85°C 

Powmin | [eopemmcex| 

SBDIP -40°C to +85°C D40.6 

hee 


converts serial start, data, parity, and stop bits to parallel 
data verifying proper code transmission, parity and stop bits. 
The transmitter converts parallel data into serial form and 
automatically adds start parity and stop bits. 


The data word can be 5, 6, 7 or 8 bits in length. Parity may 
be odd, even or inhibited. Stop bits can be 1, 1-1/2, or 2 
(when transmitting 5-bit code). 


The CDP6402 and CDP6402C can be used in a wide range 
of applications including modems, printers, peripherals, 
video terminals, remote data acquisition systems, and serial 
data links for distributed processing systems. 


The CDP6402 and CDP6402C are functionally identical. 
They differ in that the CDP6402 has a recommended 
operating voltage range of 4V to 10.5V, and the CDP6402C 
has a recommended operating voltage range of 4V to 6.5V. 


Pinout 


CDP6402, CDP6402C (PDIP, SBDIP) 
TOP VIEW 


Vpp 
NC 
GND 
RRD 
RBR8 
RBR7 
RBR6 
RBRS5 
RBR4 
RBR3 
RBR2 
RBR1 
PE 
FE 
OE 
SFD 
RRC 
DRR 
DR 
RRI 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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TBR8 (MSB) TBR1 (LSB) 


TRANSMITTER BUFFER REGISTER 


‘ i TRANSMITTER REGISTER START 


MULTIPLEXER 

§ TRO 

a 
CLS2 CONTROL SBS 
CRL ! REGISTER ! EPE 
MR a Pi 

a 

@ 4 

| e 
=— EE cecteeerccnnerreereenceney: = RRI 

DAR MULTIPLEXER 


2 eee 
Sy Ay hwy Big Mig Sag ny ny ny nw AW ay aw 


START 
CONTROL ee 
RECEIVER REGISTER 
STOP ff PARITY 
See |fteue} | 
RECEIVER BUFFER REGISTER 


RRD 


DR OE TBRE FE PE RBR8 (MSB) RBRi1 (LSB) 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM 
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CDP6402, CDP6402C 


Absolute Maximum Ratings 
DC Supply-Voltage Range, (Vpp) 


Thermal Information 


Thermal Resistance (Typical, Note 7) Oya (CCIW) 8jc (CCW) 


UP UE 6606-' pic oms oui anes oeheeert eres ens -0.5 to +11V PUIP PACKSOG 66652 scawan dn owen 0% 50 N/A 
<0 i ee ee rr -0.5 to +7V SED PACKAQG 2.42 ekuc cra dannwes 55 15 
Input Voltage Range, All Inputs .............. -0.5 to Vpp +0.5V Maximum Junction Temperature 
DC Input Current, Any One Input.....................0.. +100pA Piste PACKBOS os ccaccaeeyeausedntsenepeenreeanrue +150°C 
Device Dissipation Per Output Transistor Ceramic PACKAGG ...civciscrdcesesc sess saruenne +175°C 
For Ta = Full Package-Temperature Range Maximum Storage Temperature Range (Tstg) . . .-65°C to +150°C 
(All PaCkaGS TYPOS) sas cckcednsdwecovkuceteeeeney 100mW Maximum Lead Temperature (Soldering 10s): 
Operating- Temperature Range (Ta) At Distance 1/16 +1/32 inch (1.59 +0.79mm) .......... +265°C 
Package Type D (SBDIP).................. -55°C to +125°C 
Package Type E (PDIP) .................05. -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6) is measured with the component mounted on an evaluation PC board in free air. 


Operating Conditions At T, = Full Package-Temperature Range. For maximum reliability, operating conditions should be selected so 
that operation is always within the following ranges: 


LIMITS 
CDP6402 CDP6402C 


PARAMETER 


DC Operating Voltage Range 


Input Voltage Range 


Static Electrical Specifications at T, = -40°C to +85°C, Vpp +10%, Except as noted 


PARAMETER 


Quiescent Device 
Current 


CONDITIONS 


| eppeaoz 
Vo Vin | Yop pepe 1) 
(V) (V) (V) TYP 


of WE i Re Ee 
pete pe ce 


LIMITS 


45 

<5 

um 
fo 

< 

= 

” 


CDP6402C 


Output Low Drive lo 
(Sink) Current 


Output High Drive 
(Source) Current 


Output Voltage Low- 
Level (Note 2) 


Output Voltage 
High Level (Note 2) 


Input Low Voltage 
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CDP6402, CDP6402C 


Static Electrical Specifications at T, = -40°C to +85°C, Vpp +10%, Except as noted (Continued) 


| CONDITIONS PITS 
————— } CDPeORC 
Vo Vin | Yop Sn 1) a 1) 
PARAMETER (V) (v) | (V) TYP TYP UNITS 


a 
ee ee eee ES 
Input 

pepe Perf 


Input Leakage IN 
Current 


Three-State Output 
Leakage Current 


louT 


Operating Current 
(Note 3) 


Input Capacitance 


NOTES: 


1. Typical values are for Ta = 25°C and nominal Vpp 


2. lot = On = 1HA. 
3. Operating current is measured at 200kHz or Vpp = 5V and 400kHz for Vpp = 10V, with open outputs (worst-case frequencies for 
CDP1802A system operating at maximum speed of 3.2MHz). 
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CDP6402, CDP6402C 


Description of Operation 


Initialization and Controls 


A positive pulse on the MASTER RESET (MR) input resets 
the control, status, and receiver buffer registers, and sets the 
serial output (TRO) High. Timing is generated from the clock 
inputs RRC and TRC at a frequency equal to 16 times the 
serial data bit rate. The RRC and TRC inputs may be driven 
by a common clock, or may be driven independently by two 
different clocks. The CONTROL REGISTER LOAD (CRL) 
input is strobed to load control bits for PARITY INHIBIT (PI), 
EVEN PARITY ENABLE (EPE), STOP BIT SELECTS (SBS), 
and CHARACTER LENGTH SELECTS (CLS1 and CLS2). 
These inputs may be hand wired to Vss or Vpp with CRL to 
Vpp. When the initialization is completed, the UART is ready 
for receiver and/or transmitter operations. 


Transmitter Operation 


The transmitter section accepts parallel data, formats it, and 
transmits it in serial form (Figure 2) on the TRO terminal. 


1, 1-1/2 OR 
START. 5 - 8 DATA BITS 2 STOP BITS 


mA 
cl TTT TT rts 


+ IF ENABLED 
FIGURE 2. SERIAL DATA FORMAT 


PARITY 


Transmitter timing is shown in Figure 3. (A) Data is loaded 
into the transmitter buffer register from the inputs TBR1 
through TBR®8 by a logic low on the TBRL input. Valid data 
must be present at least tp7 prior to, and ttp following, the 
rising edge of TBRL. If words less than 8-bits are used, only 
the least significant bits are used. The character is right justi- 
fied into the least significant bit, TBR1. (B) The rising edge of 
TBRL clears TBRE. 1/2 to 11/2 cycles later, depending on 
when the TBRL pulse occurs with respect to TRC, data is 
transferred to the transmitter register and TRE is cleared. 
TBRE is set to a logic High one cycle after that. 


Output data is clocked by TRC. The clock rate is 16 times 
the data rate. (C) A second pulse on TBRL loads data into 
the transmitter buffer register. Data transfer to the transmitter 
register is delayed until transmission of the current character 
is complete. (D) Data is automatically transferred to the 
transmitter register and transmission of that character 
begins. 


FIGURE 3. TRANSMITTER TIMING WAVEFORMS 


Receiver Operation 


Data is received in serial form at the RRI input. When no 
data is being received, RRI input must remain high. The data 
is clocked through the RRC. The clock rate is 16 times the 
data rate. Receiver timing is shown in Figure 4. 


BEGINNING OF FIRST STOP BIT >| |— ang ies 


a 
DRR @ 
a 
acne! 
CD 
[ase 


FIGURE 4. RECEIVER TIMING WAVEFORMS 


(A) A low level on DRR clears the DR line. (B) During the first 
stop bit data is transferred from the receiver register to the 
RB Register. If the word is less than 8 bits, the unused most 
significant bits will be a logic low. The output character is 
right justified to the least significant bit RBR1. A logic high on 
OE indicates overruns. An overrun occurs when DR has not 
been cleared before the present character was transferred to 
the RBR. (C) 1/2 clock cycle later DR is set to a logic high 
and FE is evaluated. A logic high on FE indicates an invalid 
stop bit was received. A logic high on PE indicates a parity 
error. 


Start Bit Detection 


The receiver uses a 16X clock for timing (Figure 5). The start 
bit could have occurred as much as one clock cycle before it 
was detected, as indicated by the shaded portion. The cen- 
ter of the start bit is defined as clock count 7 1/2. If the 
receiver clock is a symmetrical square wave, the center of 
the start bit will be located within +1/2 clock cycle +1/32 bit or 
+3.125%. The receiver begins searching for the next start bit 
at 9 clocks into the first stop bit. 


COUNT 7 1/2 
DEFINED CENTER 
OF START BIT 


7 1/2 CLOCK 
——ew Cian 


8 1/2 CLOCK 
—_—_—— 


FIGURE 5. START BIT TIMING WAVEFORMS 
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CDP6402, CDP6402C 


TABLE 1. CONTROL WORD FUNCTION 


CONTROL WORD 
oe a ea el 
a OO 
L L he ke H 5 


1 
1.5 


EVEN 


EVEN 


o 


DISABLED 


DISABLED 


EVEN 


EVEN 


DISABLED 


DISABLED 


EVEN 


EVEN 


DISABLED 


DISABLED 


EVEN 


EVEN 


DISABLED 


DISABLED 


— 


NOTE: X = Don’t Care 
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CDP6402, CDP6402C 


TABLE 2. FUNCTION PIN DEFINITION 


| PINS | SYMBOL DESCRIPTION 
me Ke Positive Power Supply 


| 2 | N No Connection 


4 A high level on RECEIVER REGISTER DISABLE forces the receiver holding register ouputs RBR1-RBR8 to 
a high impedance state. 
RBR8 The contents of the RECEIVER BUFFER REGISTER appear on these three-state outputs. Word formats less 
than 8 characters are right justified to RBR1. 


RBR7 
RBR6 
RBR5 
RBR4 See Pin 5 - RBR8 
RBR3 
RBR2 
RBR1 


A high level on PARITY ERROR indicates that the received parity does not match parity programmed by control 
bits. The output is active until parity matches on a succeeding character. When parity is inhibited, this output 
is low. 


a | 


—_ > 
al 
m 


10 


1 


— 


12 


(ee) 


A high level on FRAMING ERROR indicates the first stop bit was invalid. FE will stay active until the next valid 


character's stop bit is received. 


o1 


A high level on OVERRUN ERROR indicates the data received flag was not cleared before the last character 
was transferred to the receiver buffer register. The Error is reset at the next character's stop bit if DRR has been 
performed (i.e., DRR; active low). 


A high level on STATUS FLAGS DISABLE forces the outputs PE, FE, OE, DR, TBRE to a high impedance 
state. 


The RECEIVER REGISTER CLOCK is 16X the receiver data rate. 
A low level on DATA RECEIVED RESET clears the data received output (DR), to a low level. 


A high level on DATA RECEIVED indicates a character has been received and transferred to the receiver buffer 
register. 


Serial data on RECEIVER REGISTER INPUT is clocked into the receiver register. 


A high level on MASTER RESET (MR) clears PE, FE, OE and DR, and sets TRE, TBRE, and TRO. TRE is 
actually set on the first rising edge of TRC after MR goes high. MR should be strobed after power-up. 


22 TBRE A high level on TRANSMITTER BUFFER REGISTER EMPTY indicates the transmitter buffer register has 
transferred its data to the transmitter register and is ready for new data. 


23 TBRL A low level on TRANSMITTER BUFFER REGISTER LOAD transfers data from inputs TBR1-TBR8 into the 
transmitter buffer register. A low to high transition on TBRL requests data transfer to the transmitter register. If 
the transmitter register is busy, transfer is automatically delayed so that the two characters are transmitted end 


Oo 


N 


—_ 


8 


© 


to end. 


A high level on TRANSMITTER REGISTER EMPTY indicates completed transmission of a character including 
stop bits. 
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TABLE 2. FUNCTION PIN DEFINITION (Continued) 


| PIN | SYMBOL DESCRIPTION 
Character data, start data and stop bits appear serially at the TRANSMITTER REGISTER OUTPUT. 


TBR1 | Character data is loaded into the TRANSMITTER BUFFER REGISTER via inputs TBR1-TBR8. For character 


formats less than 8 bits, the TBR8, 7, and 6 Inputs are ignored corresponding to the programmed word length. 
TBR2 


See Pin 26 - TBR1 
8 
ar Rana ane mene RN TO — 


SBSt A high level on STOP BIT SELECT selects 1.5 stop bits for a 5 character format and 2 stop bits for other 
lengths. 


CLS2+ These inputs program the CHARACTER LENGTH SELECTED. (CLS1 low CLS2 low 5 bits) (CLS1 high CLS2 


low 6 bits) (CLS1 low CLS2 high 7 bits) (CLS1 high CLS2 high 8 bits). 


CLS1+ See Pin 37 - CLS2 


EPE; When PI is low, a high level on EVEN PARITY ENABLE generates and checks even parity. A low level selects 
odd parity. 


| TRC The TRANSMITTER REGISTER CLOCK is 16X the transmit data rate. 


+ See Table 1 (Control Word Function) 
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CDP6402, CDP6402C 


Dynamic Electrical Specifications at T, = -40°C to +85°C, Vpp +5%, tr, te = 20ns, Vin = 0.7 Vpp, Vit = 0.3 Vpp, Cr = 100pF 


PMT 
PARAMETER TYP ie TYP MAX UNITS 
SYSTEM TIMING (See Figure 6) 
Minimum Pulse Width 


CRL 


Minimum Setup Time 
Control Word to CRL 


Minimum Hold Time 
Control Word after CRL . 


Propagation Delay Time 
SFD High to SOD 


RRD High to Receiver Register 
High Impedance 


RRD Low to Receiver Register 
Active 


Minimum Pulse Width 
MR 


| | ey 
Lo 
| 2 | hl 
ae oe oe 
_* | @ | = 
ee ee 
| eo | 
oe ee ee 
SFD Low to SOD | | 130 | 200 pons | 
ee ee 
ee ee 
re ee 
| | 
ee ee 
| oo | oo Ts 
ee ee 


NOTES: 
1. All measurements are made at the 50% point of the transition except three-state measurements. 
2. Typical values for Ta = 25°C and nominal Vpp. 
3. Maximum limits of minimum characteristics are the values above which all devices function. 


CONTROL INPUT WORD TIMING 


CONTROL WORD INPUT CONTROL WORD BYTE 


FIGURE 6. SYSTEM TIMING WAVEFORMS 


5-82 


CDP6402, CDP6402C 


Dynamic Electrical Specifications at Ts = -40°C to +85°C, Vpp +5%, tr, tr = 20ns, Viy = 0.7 Vpp. Vit = 0.3 Vpp, Cy = 100pF 


(NOTE 1) 
PARAMETER 


TRANSMITTER TIMING (See Figure 7) 


Minimum Clock Period (TRC) 


Minimum Pulse Width 
Clock Low Level 


Clock High Level 


Minimum Setup Time 
TBRL to Clock 


Datato TBRL _7 


Minimum Hold-Time 
Data after TBRL 7 


Propagation Delay Time 
Clock to Data Start Bit 


Clock to TBRE 


TBRL to TBRE 


Clock to TRE 


NOTES: 


LIMITS 
CDP6402 CDP6402C 


(NOTE 2) | (NOTE 3) | (NOTE 2) | (NOTE 3) 
TYP MAX TYP MAX UNITS 


Vpp 
(V) 


— 
oO 
aki 
on 
on 


alt 
oO 
(=) 


_ 
oO 
~ “SN 
NO — 
SS oO 
on oO 


well 
oO 
ear 
14) 
oO 


alk 
oO 
io) 
o) 


=k 
(o) 
oO 


fo) 


a 
oO 


uo 
IRE ; 


w 
G 
io) 
as 
o 
oO 


io) 


— 
a 
Pa 
a 
— 
a 
ce 
a 
a 
ae 
— 
ae 
— 
<a 
= 
— 
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1. All measurements are made at the 50% point of the transition except three-state measurements. 


2. Typical values for Ta = 25°C and nominal Vpp. 


3. Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP6402, CDP6402C 


TRANSMITTER BUFFER 
REGISTER LOADED 
(NOTE 1) 


TRANSMITTER SHIFT 


gel “OC tages REGISTER LOADED 
oh be ei Hg (NOTE 2) 


TRC 21 430 f40 fst fel F7h nal st fren Fit fot 43 


tTHC mi: 


TBRL 
tTHTH-= —s| |<— tcp 
TRO ST DATA BIT 


tTTHR—= -| ter 
Pieecn St0 Aas ARORA LRAT ERASE MOEA TNI VER 
—->| |<tr1s 


TRE t Geena Aa RR SoD Te: ARR toe 
DT trp 
NOTES: 


1. The holding register is loaded on the trailing edge of TBRL. 


2. The transmitter shift register, if empty, is loaded on the first high-to-low transition of the clock which occurs at least 1/2 clock period + truco 
after the trailing edge of TBRL and transmission of a start bit occurs 1/2 clock period + tcp later. 


FIGURE 7. TRANSMITTER TIMING WAVEFORMS 


tec CLOCK 7 1/2 CLOCK 7 1/2 LOAD 
= = SAMPLE HOLDING REGISTER 
tcH te. 
RRC 1 2 3 4 5 6 7 6r 41 2 3 4 5 6 7 8 9 


pc 
(NOTE 1 -»| 
RRI START BIT PARITY STOP BIT 1 
<«—tcpv 


R BUS 0 - 


DATA 
R BUS 7 T 
DR ms 
i ~<<— topa = = tcDA 
DRR 
ee, 
| <—— tpp ———_»> tCOE —» — 
OE 
(NOTE 2) ae | 
PE 
tcrE —> — 


NOTES: 


1. If a start bit occurs at a time less than tpc before a high-to-low transition of the clock, the start bit may not be recognized until the next 
high-to-low transition of the clock. The start bit may be completely asynchronous with the clock. 


2. Ifa pending DA has not been cleared by a read of the receiver holding register by the time a new word is loaded into the receiver holding 
register, the OE signal will come true. 


FIGURE 8. RECEIVER TIMING WAVEFORMS 
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Dynamic Electrical Specifications at Ta = -40°C to +85°C, Vpp +5%, tr, te = 20ns, Viy = 0.7 Vpp, Vi = 0.3 Vpp, Cy = 100pF 


LIMITS 
CDP6402 CDP6402C 


Vop (NOTE 2) | (NOTE 3) | (NOTE 2) | (NOTE 3) 
(V) TYP MAX TYP MAX UNITS 


(NOTE 1) 
PARAMETERS 


RECEIVER TIMING (See Figure 8) 


Minimum Clock Period (RRC) 


zZ 


—_ 
uo 


Minimum Pulse Width 
Clock Low Level 


100 


“MN 
oi 


ao 


Clock High Level 


Data Received Reset 


aad 
oO 


Minimum Setup Time 
Data Start Bit to Clock 


100 


Propagation Delay Time 


Data Received Reset to tpDA 
Data Received 


MN 
uo 


Clock to Data Valid tcpv 275 


Clock to DR ICDA 275 
0 110 

Clock to Overrun Error tCcoEe 275 
100 


Clock to Parity Error tcpE 


_—"s 


al 
oO 


120 


Clock to Framing Error tcFE 


_ 
oO 
oO 


NOTES: 
1. All measurements are made at the 50% point of the transition except three-state measurements. 
2. Typical values for Ta = 25°C and nominal Vpp. 
3. Maximum limits of minimum characteristics are the values above which all devices function. 
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SEMICONDUCTOR 


HD-4702 


CMOS Programmable Bit Rate Generator 


aD 


March 1997 


Features 
e HD-4702 Provides 13 Commonly Used Bit Rates 


e Uses a 2.4576MHz Crystal/Input for Standard 
Frequency Output (16 Times Bit Rate) 


¢ Low Power Dissipation 
Conforms to EIA RS-404 


One HD-4702 Controls up to Eight Transmission 
Channels 


Initialization Circuit Facilitates Diagnostic Fault 
Isolation 


e¢ On-Chip Input Pull-Up Circuit 
Ordering Information 


TEMP. 
RANGE (°C) PART NUMBER 


PDIP -40to+85 |HD3-4702-9 E16.3 


CERDIP -40to+85 |HD1-4702-9 F16.3 
SMD# -55 to+125 |5962-9051801MEA |F16.3 


Description 


The HD-4702 Bit Rate Generator provicles the necessary clock 
signals for digital data transmission systems, such as a UART. It 
generates 13 commonly used bit rates using an on-chip crystal 
oscillator or an external input. For conventional operation gener- 
ating 16 output clock pulses per bit period, the input clock fre- 
quency must be 2.4576MHz (i.e. 9600 Baud x 16 x 16, since 
there is an internal + 16 prescaler). A lower input frequency will 
result in a proportionally lower output frequency. 


The HD-4702 can provide multi-channel operation with a mini- 
mum of external logic by having the clock frequency CO and the 
+ 8 prescaler outputs QO, Q1, Q2 available externally. All signals 
have a 50% duty cycle except 1800 Baud, which has less than 
0.39% distortion. 

The four rate select inputs (SO-S3) select which bit rate is at the 
output (Z). See Truth Table for Rate Select Inputs for select code 
and output bit rate. Two of the 16 select codes for the HD-4702 do 
not select an internally generated frequency, but select an input 
into which the user can feed either a different frequency, or a static 
level (High or Low) to generate “ZERO BAUD”. 

The bit rates most commonly used in modern data terminals 
(110, 150, 300, 1200, 2400 Baud) require that no more than one 
input be grounded for the HD-4702, which is easily achieved with 


a single 5-position switch. 

The HD-4702 has an initialization circuit which generates a mas- 
ter reset for the scan counter. This signal is derived from a digital 
differentiator that senses the first high level on the CP input after 
the Ecp input goes low. When Ecp is high, selecting the crystal 
input, CP must be low. A high level on CP would apply a continu- 
ous reset. See Clock Modes and Initialization below. 


Truth Table Pinout 


TRUTH TABLE FOR RATE SELECT INPUTS 
(Using 2.4576MHz Crystal) 


Cs [se st [80 | OUrPuTRATE@) 


MUX Input (IM) 
MUX Input (IM) 
50 Baud 

75 Baud 

134.5 Baud 
200 Baud 

600 Baud 
2400 Baud 
9600 Baud 
4800 Baud 
1800 Baud 
1200 Baud 
2400 Baud 
300 Baud 

150 Baud 

110 Baud 


NOTE: 19200 Baud by connecting Q2 to IM. 


HD-4702 (CERDIP, PDIP) 
TOP VIEW 


Beer rr rz lL ere re 
Lae Ee LEP reser rear rT 
LrertrzZrarz errr ste 


L 
L 
L. 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 


HD-4702 


Pin Description 


PIN NUMBER TYPE SYMBOL DESCRIPTION 


Vcc: Is the +5V power supply pin. A 0.1u.F capacitor between pins 16 and 8 is 
recommended for decoupling. 


EXTERNAL CLOCK INPUT 


EXTERNAL CLOCK ENABLE: A low signal on this input allows the baud rate to be 
generated from the CP input. 


: 
I 
eo _faemommr 
8 [eee fomcoumenor 
[ee _fareneou 


| cP OPERATION 
p ok | Clocked from lx 


~”) 
ee <3 
EE 
X L [—L | Reset During ist CP = High < < 
Time w = 
05 
H = HIGH Level ss 
Os 
L =LOW Level oO 
O 

X = Don’t Care 


PLIL =Clock Pulse 
[—L._ = 1st HIGH Level Clock Pulse after Ecp goes LOW 


NOTE: Actual output frequency is 16 times the indicated Output 
Rate, assuming a clock frequency of 2.4576MHz. 
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. (NOTE) OSCILLATOR SCAN 

: CIRCUIT COUNTER 

| 
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(4) Ecr > 
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TT 


& walt | 

INITIALIZATION , 
CIRCUIT ‘ 

a 


Vpp = PIN 16 
Vss = PINS 
= PiN NUMBER 


O 


NOTE: See Figure 4 in Design Information for Crystal Specifications. 
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COUNTER NETWORK 5 MULTIPLEXER 
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c0ZLb-GH 


HD-4702 


Application Information 
Single Channel Bit Rate Generator 


Figure 1 shows the simplest application of the HD-4702. This 
circuit generates one of five possible bit rates as determined by 
the setting of a single pole, 5-position switch. The Bit Rate Out- 
put (Z) drives one standard TTL load or four low power Schottky 
loads over the full temperature range. The possible output fre- 
quencies correspond to 110, 150, 300, 1200, and 2400 Baud. 
For many low cost terminals, these five bit rates are adequate. 


1o SPST SWITCH 


Iu SO S1 S2 S3 
HD-4702 


x Cy Q@ Q; Q Zz 


2.4576 MHz 
CRYSTAL 


OUTPUT 


+ See Table 1. 


a 
ee 


FIGURE 1. SWITCH SELECTABLE BIT RATE GENERATOR 
CONFIGURATION PROVIDING FIVE BIT RATES 


Simultaneous Generation of Several Bit Rates 


Figure 2 shows a simple scheme that generates eight bit rates 
on eight output lines, using one HD-4702 and one 93L34 Bit 
Addressable Latch. This and the following applications take 
advantage of the built-in scan counter (prescaler) outputs. As 
shown in the block diagram, these outputs (Qo to Qo) go 
through a complete sequence of eight states for every half- 
period of the highest output frequency (9600 Baud). Feeding 
these Scan Counter Outputs back to the Select Inputs of the 
multiplexer causes the HD-4702 to interrogate sequentially 
eight different frequency signals. The 93L34 8-bit addressable 
Latch, addressed by the same Scan Counter Outputs, re-con- 
verts the multiplexed single Output (Z) of the HD-4702 into 
eight parallel output frequency signals. In the simple scheme of 
Figure 2, input S3 is left open (HIGH) and the following bit rates 
are generated: 


Q0: 110 Baud Q1: 9600 Baud Q2: 4800 Baud 
Q3: 1800 Baud Q4: 1200 Baud Q5: 2400 Baud 
Q6: 300 Baud Q7: 150 Baud 


Other bit rate combinations can be generated by changing the 
Scan Counter to Selector interconnection or by inserting logic 
gates into this path. 


Im SO S1 S2 $3 


2.4576 MHz 
CRYSTAL 


+ See Table 1. 


FIGURE 2. BIT RATE GENERATOR CONFIGURATION WITH 
EIGHT SIMULTANEOUS FREQUENCIES 


19200 Baud Operation 


Though a 19200 Baud signal is not internally routed to the mul- 
tiplexer, the HD-4702 can be used to generate this bit rate by 
connecting the Qo output to IM input and applying select code. 
An additional 2-input NOR gate can be used to retain the “Zero 
Baud’ feature on select code 1 for the HD-4702 (See Figure 3). 


Im SO S1 


$2. S3 


2.4576 MHz 
CRYSTAL 


OUTPUT 
+ See Table 1. 


FIGURE 3. 19200 BAUD OPERATION 


TABLE 1. CRYSTAL SPECIFICATIONS 


Frequency 2.4576MHz “AT” Cut 
Len RO 
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HD-4702 


Absolute Maximum Ratings Thermal Information 
BOON VONOOS oo ca dawnndetussscoeeaneeeeesne degeces +8.0V Thermal Resistance (Typical) ByA 8JC 
Input, Output or I/O Voltage ........... GND -0.5V to Voc +0.5V CERDIP Package .............. 78°C/W 23°C/W 
na Epon ae ee ee alll Ganeeacn tr eee PDIP Package..............00- 90°C/W N/A 
pee anneal Snes ee Storage Temperature Range.................. -65°C to +150°C 
Maximum Junction Temperature... ......... 2... ee eee ee ee ees 
Garamic Package ......scssecccdasstenetanevenses +175°C 
Plastic Package... 6... cscsncceseceenvesesesucnes +150°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Gale COON 6 deeac cd acide ue dewwes ceeds subee ceeana 720 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range................0005 +4.5V to+5.5V Operating Temperature Range 
OS ve cna ctw eines pancetaavenenes’ -40°C to +85°C 
cd ec nen ndnenernsccaneqeyen ed -55°C to +125°C 


DC Electrical Specifications Voc = 5V +10%, Ta = -40°C to +85°C (HD-4702-9), Ta = -55°C to +125°C (HD-4702-8) 


LIMITS 
SYMBOL PARAMETER | MIN | MAX UNITS TEST CONDITIONS 


Output High Voltage Voc -0.1 ae lon $-1pA, Voc = 4.5V, (Note 1) 
Output Low Voltage ee ae lo. $ +1HA, Voc = 4.5V, (Note 1) 
Input High Current +1 Vin = Vcc, All Other Pins = OV, Voc = 5.5V 
+1 


a a 

liLX Input Low Current -1 Vin = OV, All Other Pins = Voc, Voc = 5.5V 

(Ix Input) 
Ne Input Low Current -100 

(All Other Inputs) 

IOHXx Output High Current 
(Ox) 

lOH1 Output High Current 
(All Other Outputs) 


Vin = OV, All Other Pins = Voc, Voc = 5.5V 
(Note 2) 


Vout = Vcc - 0.5, Vec = 4.5V, Input at OV 
or Vcc per Logic Function or Truth Table 


Vout = 2.5V, Voc = 4.5V, Input at OV 
or Voc per Logic Function or Truth Table 


Vout = Vcc -9.5, Voc = 4.5V, Input at OV 
or Vcc per Logic Function or Truth Table 


lOH2 Output High Current -0.3 
(All Other Outputs) 
lOoLx Output Low Current 
(Ox) 
lo Output Low Current 
(All Other Outputs) 
loc Supply Current 1500 
(Static) 
ee hal 
NOTES: 


1. Interchanging of force and sense conditions is permitted. 


m 
m 
m 
m 
m 


or Vcc per Logic Function or Truth Table 


Ecp = Vcc, CP = OV, Voc = 5.5V, 
All Other Inputs = GND, (Note 2) 


Ecp = Voc, CP = OV, Voc = 5.5V, 
All Other Inputs = Vcc, (Note 2) 


A 
A 
A 
A 
A 
pA 


2. Input Current and Quiescent Power Supply Current are relatively higher for this device because of active pull-up circuits on all inputs 
except ly. 
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AC Electrical Specifications Vcc = 5V +10%, Ta = -40°C to +85°C (HD-4702-9), Ta = -55°C to +125°C (HD-4702-8) 


LIMITS 
TEST 
SYMBOL AC PARAMETER | MIN, | MAX UNITS CONDITIONS 


tPLH Propagation Delay, CP to CO 260 


tPHL 


tPLH Propagation Delay, CO to Qn (Note 2) 


tPHL (Note 2) 


tPLH Propagation Delay, CO to Z 


N 
or 


tPHL 


Voc = 4.5V 
C. < 7pF on Ox 
C. = 50pF 
(Note 1) 


tTLH Output Transition Time (Except Ox) 


tPpLH Propagation Delay ly to CO 


MN 
oO 


tTHL 
ts 
th 
th 


350 
120 
120 
160 


w 
S 
CMOS DATA 
COMMUNICATIONS 


tPHL 


ine) 
ert 
ol 


tPLH Propagation Delay CP to CO 


PHL 
Voc = 4.5V 
CL < 7pF on Ox 
Ci = 15pF 
(Note 1) 


(Note 2) 


tPLH Propagation Delay CO to Qn 


tPHL (Note 2) 


tPLH Propagation Delay CO to Z 


tPHL 
tTLH Output Transition Time (Except Ox) 


tTHL 


NOTES: 


1. Propagation Delays (tp_y and tpy,_) and Output Transition Times (tt_H and tt} ) will change with Output Load Capacitance (C,). Setup 
Times (ts), Hold Times (t,), and Minimum Pulse Widths (t,,) do not vary with load capacitance. 


2. For multichannel operation, Propagation Delay (CO to Qn) plus Set-Up Time, Select to CO, is guaranteed to be < 367ns. 


ol 


3. The first High Level Clock Pulse after Ecp goes Low must be at least 350ns long to guarantee reset of all Counters. 


4. It is recommended that input rise and fall times to the clock inputs (CP, lx) be less than 15ns. 
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Capacitance Ty, = +25°C; Frequency = 1MHz 


SYMBOL PARAMETER TYPICAL UNITS CONDITIONS 


Switching Waveforms 


tw(H) —sj=<—_ tw(L) —. 
50% 50% 50% 
CPily 


50% 


All measurements are referenced the 
device GND 


co 


wn Y/22 CLMLLLILLLLLLLLLLLLLLLL LLL 


1. Setup and Hold times are shown as positive values but may be specified as negative values. 


AC Testing Input, Output Waveform 


INPUT OUTPUT 
Vi VoH 
50% 50% 
Vit VoL 
NOTE: 


1. AC Testing: All input signals must switch between Vj, and Vj Input rise and fall times are driven at 1ns per volt. 
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SEMICONDUCTOR 


HD-4 702/883 


CMOS Programmable Bit Rate Generator 


aD 


March 1997 


Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1. 2. 1. 


HD-4702/883 Provides 13 Commonly Used Bit Rates 


Uses a 2.4576MHz Crystal/Input for Standard 
Frequency Output (16 Times Bit Rate) 


¢ Low Power Dissipation 
Conforms to EIA RS-404 


¢ One HD-4702/883 Controls up to Eight Transmission 
Channels 


Initialization Circuit Facilitates Diagnostic Fault 
Isolation 


¢ On-Chip Input Pull-Up Circuit 
Ordering Information 


PART TEMPERATURE 
NUMBER RANGE 


HD1-4702R/883 | -55°C to +125°C | CERDIP F16.3 


Pinout 


Description 


The HD-4702/883 Bit Rate Generator provides the neces- 
sary clock signals for digital data transmission systems, such 
as a UART. It generates 13 commonly used bit rates using 
an on-chip crystal oscillator or an external input. For conven- 
tional operation generating 16 output clock pulses per bit 
period, the input clock frequency must be 2.4576MHz (i.e., 
9600 Baud x 16 x 16, since there is an internal + 16 pres- 
caler). A lower input frequency will result in a proportionally 
lower output frequency. 


The HD-4702/883 can provide multi-channel operation with 
a minimum of external logic by having the clock frequency 
CO and the + 8 prescaler outputs QO, Q1, Q2 available 
externally. All signals have a 50% duty cycle except 1800 
Baud, which has less than 0.39% distortion. 


The four rate select inputs (SO-S3) select which bit rate is at 
the output (Z). See Truth Table for Rate Select Inputs for 
select code and output bit rate. Two of the 16 select codes 
for the HD-4702/883 do not select an internally generated 
frequency, but select an input into which the user can feed 
either a different frequency, or a static level (High or Low) to 
generate “ZERO BAUD”. 


The bit rates most commonly used in modern data terminals 
(110,150, 300,1200, 2400 Baud) require that no more than 
one input be grounded for the HD-4702/883, which is easily 
achieved with a single 5-position switch. 


The HD-4702/883 has an initialization circuit which gener- 
ates a master reset for the scan counter. This signal is 
derived from a digital differentiator that senses the first high 
level on the CP input after the ECP input goes low. When 
ECP is high, selecting the crystal input, CP must be low. A 
high level on CP would apply a continuous reset. See Clock 
Modes and Initialization below. 
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HD-4702/883 (CERDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HD-4702/883 


Truth Table 


TRUTH TABLE FOR RATE SELECT INPUTS 
(Using 2.4576MHz Crystal) 


c= [eps] | ovina 
es 
se 
ce AC I 
i 
i 
i 
Ape 
NOTE: 

1. 19200 Baud by connecting Q2 to IM. 


BEE 
EGE 
BEE 


CLOCK MODES AND INITIALIZATION 


Continuous Reset 


Reset During First CP = High Time 


NOTE: Actual output frequency is 16 times the indicated output 
rate, assuming a clock frequency of 2.4576MHz. 


BCE 


H = HIGH Level 
L = LOW Level 
xX = Don’t Care 
Rg igs = ClockPulse 
E as = First HIGH Level Clock Pulse after ECP goes LOW 
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Absolute Maximum Ratings Thermal Information 

Supply VONAGG «occ. sees dsodueoreewseuvececneaveases +8.0V Thermal Resistance, (Typical) Bya (CCIW) 8jc (°C/W) 

Input, Output or I/O Voltage ........... GND -0.5V to Voc +0.5V CERDIP Package .............. 78 23 

Eo CIGSSIGAUON 24 c circ ccsecinedicerapansanagens Class 1 ) ) 

Storage Temperature Range.................. -65°C to +150°C 

Typical Derating Factor............ 1mA/MHz Increase in ICCOP he Fay ines eee - 75°C 
; _. Maximum Lead Temperature (Soldering, 10s............ +300°C 

Operating Conditions 

Operating Voltage Range..................... +4.5V to+5.5V Die Characteristics 

Operating Temperature Range................ -55°C to +125°C Gate Court 720 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


TABLE 1. DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 


GROUP A p LIMITS 
SUB- 
DC PARAMETER | SYMBOL CONDITIONS GROUPS TEMPERATURE a UNITS 


Input High Voltage VCC = 4.5V 55°C < TAS +125°C | VCC 70% Rake 
Input Low Voltage VCC = 4.5V — 55°C <TA< +125°C ss VCC 30% 


Output High Voltage VOH1 | IOH <-1pA, VCC = 4.5V, -55°C < TAS +125°C | VCC -0.1 
(Note 1) 

Output Low Voltage VOL1 | IOL<+1pA, VCC = 45V, -55°C < TAS +125°C 
(Note 1) 

Input High Current IIH VIN = VCC. All Other -55°C < TAS +125°C 
Pins = OV, VCC = 5.5V 

Input Low Current IILX VIN = OV, All Other -55°C < TAS +125°C 

(IX Input) Pins = VCC, VCC = 5.5V 


Input Low Current VIN = OV All Other -55°C < TAS +125°C 
(All Other Inputs) Pins = VCC, VCC = 5.5V 
(Note 2) 


Output High Current VOUT = 2.5V, VCC = 4.5V -55°C < TAS +125°C 
(All Other Outputs) Input at OV or VCC per Logic 


Function or Truth Table 


3 


Seen ccee 


-55°C < TAS +125°C 


| 
> 


Output High Current VOUT = VCC -0.5,VCC = 4.5V 
(All Other Outputs) Input at OV or VCC per Logic 
Function or Truth Table 


-55°C < TAS +125°C 


=, 
> 


Output Low Current VOUT = 0.4V, VCC = 4.5V 
(OX) Input at OV or VCC per Logic 
Function or Truth Table 


-55°C < TAS +125°C 


= 
> 


Output Low Current VOUT = 0.4V, VCC = 4.5V 
(All Other Outputs) Input at OV or VCC per Logic 
Function or Truth Table 


Output High Current VOUT = VCC -0.5, VCC = -55°C < TAS +125°C 
(OX) 4.5V Input at OV or VCC per 
Logic Function or Truth Table 
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TABLE 1. DC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 


Device Guaranteed and 100% Tested 


GROUP A LIMITS 
SUB- : 

DC PARAMETER | SYMBOL CONDITIONS GROUPS TEMPERATURE pomin | Max | UNITS 
Supply Current ICC ECP = VCC, CP = OV, -55°C < TAS +125°C 1500 nA 
(Static) VCC = 5.5V 

NOTES: 
1. Interchanging of force and sense conditions is permitted. 


All Other Inputs = GND, 
(Note 2) 

2. Input Current and Quiescent Power Supply Current are relatively higher for this device because of active pull-up circuits on all inputs 

except IX. 


-55°C < TA< +125°C 


ECP = VCC, CP = OV, 
VCC = 5.5V 

All Other Inputs = VCC, 
(Note 2) 


TABLE 2. AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested. 


LIMITS 
GROUP A 
AC PARAMETER SYMBOL | CONDITIONS | SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


Set-UpTime, IM to CO 


= 9 


Hold Time, IM to CO 


Minimum Clock Pulse Width, 
Low (Notes 3, 4) 


Minimum Clock Pulse Width, High 
(Notes 3, 4) 


Minimum IX Pulse Width, Low (Note 4 


9,10,11 | -55°C <TA<+125°C 
9, 10, 11 -55°C < TA<4+125°C |} 0 
<TA< 120 

< 120 


twCP(L) 


9, 10, 11 -55°C < TA< +125°C 
910,11. | -55°C <TA<+125°C = 


9,10, 11 -55°C < TAS +125°C | 160 
Minimum IX Pulse Width, High (Note 4 -55°C < TA< +125°C | 160 
NOTES: 


1. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (CL). 
Set-Up Times (ts), Hold Times (th), and Minimum Pulse Widths (tw) do not vary with load capacitance. 


twCP(H) n 


” 


-— 


twCP(L) 
twCP(H) 


— 


9, 10, 11 


= 
CN care 
Taran [aeatarcrae| [290 | m 
Tenant _[amostascraso| [220 | 
Taran _[ssostascas] [roma 
Taran asostaccas] [roma os 
Taran _[asostascas] fe [oe 
Taran [amestascase] [| 
Limon [panera] PL 
[savptineseecteoo |__| Ts 
Taran [atostascase] 6 | [ 
Servet eco aon = 
rode eco Pao = 

ca Cao = 

cous Pao = 


2. For multichannel operation, Propagation Delay (CO to Qn), plus Set-Up Time, Select to CO, is guaranteed to be < 367ns. 
3. The first High Level Clock Pulse alter ECP goes Low must be at least 350ns long to guarantee reset of all Counters. 
4. It is recommended that input rise and fall times to the clock inputs (CP, |X) be less than 15ns. 
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TABLE 3. ELECTRICAL PERFORMANCE SPECIFICATIONS 


AC PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 


Input Capacitance TA = +25°C Ps | 70 | 


<n 


Tis [srecacnere] — [wo fe 


All Measurements 
are referenced to 
device ground, 


VCC = 4.5V 
CL < 7pF on OX 
CL = 15pF 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design and after major process and/or design changes. 


2. For multichannel operation, Propagation Delay (CO to Qn) plus Set-Up Time, Select to CO, is guaranteed to be < 367ns. 
3. Propagation Delays (tPLH and tPHL) and Output Transition Times (tTLH and tTHL) will change with Output Load Capacitance (CL). 


Set-Up Times (ts), Hold Times (th), and Minimum Pulse Widths (tw) do not vary with load capacitance. 


TABLE 4. APPLICABLE SUBGROUPS 


[_titarFosr | —toonasooe 
Er 
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Burn-In Circuit 


NOTES: 


1. FO = 100kHz 10%, F1 = F0/2, F2 = F1/2.. ... 


2. R1 = 10kQ, 1/4W, +10%. 
3. VCC = 5.5V +0.5V, GND = OV. 
4. C1 =0.01pF minimum. 


vCC/2 
vcc/2 
vcc/2 
GND 
FO 
vcc/2 
GND 


GND 


HD-4702/883 


HD-4702/883 CERDIP 
vec 
C1 
Ri U 
Ri al e R1 
2 15 F4 
Ri Ri 
El 14) F12 
R1 R1 
R1 EB ib) Ri = 
F14 
wv 4 = 4 
F15 
R1 Ri 
10) VCC/2 
R1 Ri 
8 | | 9 VCC/2 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
100 x 97 x 19 mils Type: Si02 
Thickness: 7kA - 9kA 
METALLIZATION: 
Type: Si - Al WORST CASE CURRENT DENSITY: 
Thickness: 10kA - 12kA 7.1 x 104A/cm 


Metallization Mask Layout 
HD-4702/883 


Qo vcc 


ae i a 16 ae 


= — 


Sag 
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wD HARRIS HD-6402 


CMOS Universal Asynchronous 


March 1997 Receiver Transmitter (UART) 
Features Description 
¢ 8.0MHz Operating Frequency (HD-6402B) The HD-6402 is a CMOS UART for interfacing computers or 
¢ 2.0MHz Operating Frequency (HD-6402R) microprocessors to an asynchronous serial data channel. 
: The receiver converts serial start, data, parity and stop bits. 
¢ Low Power CMOS Design The transmitter converts parallel data into serial form and 
e Programmable Word Length, Stop Bits and Parity automatically adds start, parity and stop bits. The data word 


length can be 5, 6, 7 or 8 bits. Parity may be odd or even. 
Parity checking and generation can be inhibited. The stop 


Automatic Data Formatting and Status Generation 


¢ Compatible with Industry Standard UARTs bits may be one or two or one and one-half when transmit- 
¢ Single +5V Power Supply ting 5-bit code. 
¢ CMOS/TTL Compatible Inputs The HD-6402 can be used in a wide range of applications 


including modems, printers, peripherals and remote data 
acquisition systems. Utilizing the Harris advanced scaled 
SAJI IV CMOS process permits operation clock frequencies 
up to 8.0MHz (500K Baud). Power requirements, by compar- 
ison, are reduced from 300mW to 10mW. Status logic 
increases flexibility and simplifies the user interface. 


Ordering Information 


[PACKAGE | TEMPERATURE RANGE | 2MHiz=125KBAUD | _6MHz=S00KBAUD | PKG.NO._| 
Pasicpie | __~oworere _[Woaewene —=«éioeeavaseS~CS~C~*d Sd 
CERDIP 
MDs 


Pinout 


HD-6402 (PDIP, CERDIP) 
TOP VIEW 


Vec 
NC 
GND 
RRD 
RBR8 
RBR7 
RBR6 
RBRS5 
RBR4 
RBR3 
RBR2 
RBR1 
PE 
FE 
OE 
SFD 
RRC 
DRR 
DR 
RRI 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2956.1 
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Functional Diagram 
30 28 26 
TBR8 (33) 2) 31)! a9)! a7‘ TBR1 
BP Bee prpeeemeeg@pmBeBeememeaeegeweeeategemrmeteemBtigiegtEBtge & 1B Bias = a a i} SBeoexgprmrReewseh gS 
g | 
(24) TRE ' 
| | 
22) TBRE | 
inn 
(23) TBRL al | 
(40) TRC : MULTIPLEXER : 
: To . (25) TRO 
a i 
(38) CLS1 __-— (36) SBS 
(37) CLS2 REGISTER sa wei 
(34) CRL 
(21) MR — TO 1 (35) PI 
| | 
(20) RRI 
8 | 
TIEN srscncmmecconen 
(17) RRC oy MULTIPLEXER pcg . 
: TIMING AND Rd ; 
(18) DRR : RG | , 
1 PARITY , 
(19) DR + LOGIC LOGIC ; 
: ' 
r a a, ae ee ee ee ee) a 
(16) SED ——y a | 3-STATE mamemme 1 4) ARD 
+ THESE OUTPUTS ARE 4 RBRS beet 
+ OE + FE + PE 5) (6) (7) (8) (9) (10) (11) (12 
Lect hes Ass ta (5) (6) (7) (8) (9) (10) (11) (12) 
Control! Definition 


CONTROL WORD CHARACTER FORMAT 
CLS 2 CLS? | Pl |  EPE | SBS | STARTBIT | DATABITS PARITY BIT STOP BITS 


” 
<= 
in 
a6 
o> 
05 
= = 
Os 
O 
O 
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Pin stich aa 


1 2 


Positive Voltage Supply 


No Connection 
Ground 


A high level on RECEIVER REGISTER DISABLE 
forces the receiver holding out-puts RBR1-RBR8 
to high impedance state. 


The contents of the RECEIVER BUFFER REGIS- 
TER appear on these three-state outputs. Word for- 
mats less than 8 characters are right justified to 


See Pin 5-RBR8 
See Pin 5-RBR8 
See Pin 5-RBR8 


A high level on PARITY ERROR indicates received 
parity does not match parity programmed by control 
bits. When parity is inhibited this output is low. 

A high level on FRAMING ERROR indicates the 
first stop bit was invalid. 


A high level on OVERRUN ERROR indicates the 
data received flag was not cleared before the last 
character was transferred to the receiver buffer 
register. 


A high level on STATUS FLAGS DISABLE forces 
the outputs PE, FE, OE, DR, TBRE to a high im- 
pedance state. 


ooo oOo © O oO OG 


he Receiver register clock is 16X the receiver 
data rate. 


A low level on DATA RECEIVED RESET clears 
the data received output DR to a low level. 


A high level on DATA RECEIVED indicates a 
character has been received and transferred to 
the receiver buffer register. 


Serial data on RECEIVER REGISTER INPUT is 
clocked into the receiver register. 


A high level on MASTER RESET clears PE, FE, 
OE and DR to a low level and sets the transmitter 
register empty (TRE) to a high level 18 clock cycles 
after MR falling edge. MR does not clear the receiv- 
er buffer register. This input must be pulsed at least 
once after power up. The HD-6402 must be master 
reset after power up. The reset pulse should meet 
Vin and tyr. Wait 18 clock cycles after the falling 
edge of MR before beginning operation. 


SN 888 2 


aC = 


A high level on TRANSMITTER BUFFER REGIS- 
TER EMPTY indicates the transmitter buffer register 
has transferred its data to the transmitter register 
and is ready for new data. 


A low level on TRANSMITTER BUFFER REGIS- 
TER LOAD transfers data from inputs TBR1- 
TBR8 into the transmitter buffer register. A low to 
high transition on TBRL initiates data transfer to 
the transmitter register. If busy, transfer is auto- 
matically delayed so that the two characters are 
transmitted end to end. 


A high level on TRANSMITTER REGISTER EMP- 
TY indicates completed transmission of a charac- 
ter including stop bits. 


Character data, start data and stop bits appear se- 
rially at the TRANSMITTER REGISTER OUTPUT. 


Character data is loaded into the TRANSMITTER 
BUFFER REGISTER via inputs TBR1-TBR8. For 
character formats less than 8 bits the TBR8, 7 and 
6 inputs are ignored corresponding to their pro- 
grammed word length. 


See Pin 26-TBR1. 
See Pin 26-TBR1. 
See Pin 26-TBR1. 
See Pin 26-TBR1. 
See Pin 26-TBR1. 
See Pin 26-TBR1. 
See Pin 26-TBR1. 


A high level on CONTROL REGISTER LOAD 
loads the control register with the control word. The 
control word is latched on the falling edge of CRL. 
CRL may be tied high. 

A high level on PARITY |NHIBIT inhibits parity gen- 
eration, parity checking and forces PE output low. 
A high level on STOP BIT SELECT selects 1.5 
stop bits for 5 character format and 2 stop bits for 
other lengths. 

hese inputs program the CHARACTER 
LENGTH SELECTED (CLS1 low CLS2 low 5 bits) 
(CLS1 high CLS2 low 6 bits) (CLS1 low CLS2 
high 7 bits) (CLS1 high CLS2 high 8 bits.) 

See Pin 37-CLS2. 


When P1 is low, a high level on EVEN PARITY 
ENABLE generates and checks even parity. Alow 
level selects odd parity. 


he TRANSMITTER REGISTER CLOCK is 16X 
the transmit data rate. 


+ A0O.1pF decoupling capacitor from the Voc pin to the GND is rec- 
ommended. 


oOmon ononnsrt WN = 


SBkRELCE BS 
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Transmitter Operation 


The transmitter section accepts parallel data, formats the data 
and transmits the data in serial form on the Transmitter Regis- 
ter Output (TRO) terminal (See serial data format). Data is 
loaded from the inputs TBR1-TBR8 into the Transmitter Buffer 
Register by applying a logic low on the Transmitter Buffer 
Register Load (TBRL) input (A). Valid data must be present at 
least tse prior to and thojig following the rising edge of TBRL. If 
words less than 8 bits are used, only the least significant bits 
are transmitted. The character is right justified, so the least 
significant bit corresponds to TBR1 (B). 


The rising edge of TBRL clears Transmitter Buffer Register 
Empty (TBRE). 0 to 1 Clock cycles later, data is transferred 
to the transmitter register, the Transmitter Register Empty 
(TRE) pin goes to a low state, TBRE is set high and serial 
data information is transmitted. The output data is clocked by 
Transmitter Register Clock (TRC) at a clock rate 16 times the 
data rate. A second low level pulse on TBRL loads data into 
the Transmitter Buffer Register (C). Data transfer to the 
transmitter register is delayed until transmission of the cur- 
rent data is complete (D). Data is automatically transferred to 
the transmitter register and transmission of that character 
begins one clock cycle later. 


TRO DATA I 
Cy © 


FIGURE 1. TRANSMITTER TIMING (NOT TO SCALE) 


Receiver Operation 


Data is received in serial form at the Receiver Register Input 
(RRI). When no data is being received, RRI must remain 
high. The data is clocked through the Receiver Register 
Clock (RRC). The clock rate is 16 times the data rate. A low 
level on Data Received Reset (DRR) clears the Data 
Receiver (DR) line (A). During the first stop bit data is trans- 
ferred from the Receiver Register to the Receiver Buffer 
Register (RBR) (B). If the word is less than 8 bits, the 
unused most significant bits will be a logic low. The output 


RRI 


RBR1-8, OE, PE 


DR 


FE 


—— 


© END OF LAST STOP BIT 


character is right justified to the least significant bit RBR1. A 
logic high on Overrun Error (OE) indicates overruns. An 
overrun occurs when DR has not been cleared before the 
present character was transferred to the RBR. One clock 
cycle later DR is reset to a logic high, and Framing Error 
(FE) is evaluated (C). A logic high on FE indicates an invalid 
stop bit was received, a framing error. A logic high on Parity 
Error (PE) indicates a parity error. 


* BEGINNING OF FIRST STOP BIT 


<= 7 1/2 CLOCK CYCLES 


= 1 CLOCK CYCLE 


© © 


FIGURE 2. RECEIVER TIMING (NOT TO SCALE) 


START BIT 


5-8 DATA BITS 


1, 11/2 OR 2 STOP BITS 
peorcee em aan, 


PARITY 7 IF ENABLED 


FIGURE 3. SERIAL DATA FORMAT 
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Start Bit Detection 


The receiver uses a 16X clock timing. The start bit could have symmetrical square wave, the center of the start bit will be 
occurred as much as one clock cycle before it was detected, located within +1/2 clock cycle, 1/32 bit or 3.125% giving a 
as indicated by the shaded portion (A). The center of the start receiver margin of 46.875%. The receiver begins searching 
bit is defined as clock count 7 1/2. If the receiver clock is a _ for the next start bit at the center of the first stop bit. 


‘\—— COUNT 71/2 DEFINED 
CENTER OF START BIT 


RRI INPUT 


|~<———- 7 1/2 CLOCK CYCLES ———_> 
—=—— 81/2 CLOCK CYCLES ———__>> 


FIGURE 4. 


Interfacing with the HD-6402 


TRANSMITTER RECEIVER 


RB1 
RS232 RS232 a 
DRIVER = ®@ | RECEIVER RRI RB8 4 
CONTROL 
DIGITAL DIGITAL 
SYSTEM HD-6402 - SYSTEM 


CONTROL 
RS232 RS232 
RECEIVER ee = DRIVER TRO TBRI1 
TBRS 
RECEIVER TRANSMITTER 


FIGURE 5. TYPICAL SERIAL DATA LINK 
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Absolute Maximum Ratings 


Thermal Information 


SUG VOUGES «.6<28400s8s3 cde owewse eeenad oeseusetes +8.0V Thermal Resistance (Typical) 85a B5C 
Input, Output or I/O Voltage Applied. .... GND -0.5V to Vcc +0.5V CERDIP Package ................ 50°C/W 12°C/W 
Storage Temperature Range ................. -65°C to +150°C PDIP Package...............005. 50°C/W N/A 
JUNCHON TEMDGIAUNG icc vec ceseseveeescunsedseunns SU7S"C Gale COU ca. cakcucseswendnnnesedcns 10458200 1643 Gates 
Lead Temperature (Soldering 10s).................005. +300°C 

er CR ws ede oes awe hk eens tonen gai wads Class 1 

Typical Derating Factor............ 1mA/MHz Increase in ICCOP 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................004. +4.5V to+5.5V Operating Temperature Range 
HD-6402R-9, HD6402B-9................... -40°C to +85°C 


DC Electrical Specifications Voc = 5.0V + 10%, Ta = -40°C to +85°C (HD-6402R-9, HD-6402B-9) 


LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 


Logical “1” Input Voltage | 200 
Vin = GND or Voc, Voc = 5.5V 


ss 
mae 
Logical ‘‘O” Input Voltage | 0.8 
[1 [iret teatase Guret 
VoH Logical “1” Output Voltage 3.0 V lon = -2.5mMA, Voc = 4.5V 
a 
plo 
= | Vin = GND or Voc; Voc = 5.5V, 
Output Open 


Output Leakage Current 
ICCSB_—_| Standby Supply Current | 
ICCOP Operating Supply Current (See Note) mA Voc = 5.5V, Clock Freq. = 2MHz, 
Vin = Vcc or GND, Outputs Open 
NOTE: Guaranteed, but not 100% tested 


Capacitance Tp = +25°C 


PARAMETER SYMBOL CONDITIONS 


Input Capacitance Freq. = 1MHz, all measurements are referenced to de- 
vice GND 
Output Capacitance COUT 


SYMBOL PARAMETER NITS 
H 


(1) fCLOCK —_| Clock Frequency 
(2) tpy Pulse Widths, CRL, DRR, TBRL 


LIMIT 
TYPICAL UNITS 


See Switching Waveform 


(4) tseT Input Data Setup Time 
(5) tyoLtp Input Data Hold Time 
(6) ten Output Enable Time 
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Switching Waveforms 


TBRi1 - TBR8& VALID DATA 


FIGURE 6. DATA INPUT CYCLE 


HD-6402 


CLS1, CLS2, SBS, Pl, EPE 


VALID DATA 


FIGURE 7. CONTROL REGISTER LOAD 


CYCLE 


A.C. Testing Input, Output Waveform 


INPUT 
Vin + 20% Vin 


Vit - 50% Vit. 


1.5V 


FIGURE 9. 


SFD 
RRD 


STATUS OR 
RBR1 - RBR8 


tEN 
<= 6) —_>_ 


FIGURE 8. STATUS FLAG OUTPUT 
ENABLE TIME OR DATA OUT- 
PUT ENABLE TIME 


OUTPUT 
VoH 


VoL 


NOTE: A.C. Testing: All input signals must switch between Vj, - 50% Vi, and Viy + 20% Vip. Input rise and fall times are driven at 1ns/V. 


Test Circuit 


TS 
CL 
(SEE NOTE) 


FIGURE 10. 


NOTE: Includes stray and jig capacitance, C, = 50pF. 
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FARRIS 


SEMICONDUCTOR 


HD-6402/883 


CMOS Universal Asynchronous 
Receiver Transmitter (UART) 


aD 


March 1997 


Features 


e This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ 8.0MHz Operating Frequency (HD-6402/883B) 

e 2.0MHz Operating Frequency (HD-6402/883R) 

e Low Power CMOS Design 

¢ Programmable Word Length, Stop Bits and Parity 
¢ Automatic Data Formatting and Status Generation 
¢ Compatible with Industry Standard UARTs 


Single +5V Power Supply 
CMOS/TTL Compatible Inputs 


Ordering Information 


Pinout 


PACKAGE TEMPERATURE RANGE 2MHz = 125K BAUD 8MHz = 500K BAUD | PKG.NO. | 
CERDIP -55°C to +125°C HD1-6402R/883 HD1-6402B/883 F40.6 


Description 


The HD-6402/883 is a CMOS UART for interfacing comput- 
ers or microprocessors to an asynchronous Serial data chan- 
nel. The receiver converts serial start, data, parity and stop 
bits. The transmitter converts parallel data into serial form 
and automatically adds start, parity and stop bits. The data 
word length can be 5, 6, 7 or 8 bits. Parity may be odd or 
even. Parity checking and generation can be inhibited. The 
stop bits may be one or two or one and one-half when trans- 
mitting 5-bit code. 


The HD-6402/883 can be used in a wide range of applica- 
tions including modems, printers, peripherals and remote 
data acquisition systems. Utilizing the Harris advanced 
scaled SAJI IV CMOS process permits operation clock fre- 
quencies up to 8.0MHz (500K Baud). Power requirements, 
by comparison, are reduced from 300mW to 10mW. Status 
logic increases flexibility and simplifies the user interface. 


HD-6402/883 (CERDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Control Definition 


CONTROL WORD CHARACTER FORMAT 
CLS 2 CLS 1 | PL | EPE) =| SBS_ START BIT | DATA BITS | PARITY BIT | STOP BITS 


i ee Re ae 
es ar ee 
ae a ae 
a 
i ee ee 
ee a 
ee a 
ae a oe 
ae a 
ee a 
a ee a 
a a cae ee 
ae a 
ae er a. 
Lok 
a ee 
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Absolute Maximum Ratings Thermal Information 

PUG VORGUG sc ews coves cuyhure eanenasee ds eeoianees +8.0V Thermal Resistance BA 8JC 
Input, Output or I/O Voltage Applied... .. GND -0.5V to Vcc +0.5V CERDIP Package ................ 50°C/W 12°C/W 
Storage Temperature Range ................. SSCiesiSO'C. Gals COUN. cos cavis coca cteceendandaeeceannsds 1643 Gates 
Junction Temperature. ......... 0.0 ccc cee eee eee +175°C 

Lead Temperature (Soldering 10s)................005 +300°C 

Bol) CIGSANCOUON coct coe vane nnde eww eee sake ea'ew' Class 1 

Typical Derating Factor............ 1mA/MHz Increase in ICCOP 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..................... +4.5V to+5.5V Operating Temperature Range................ -55°C to +125°C 


TABLE 1. HD-6402/883 D.C. ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
GROUP A LIMITS 
D.C. PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 


Logical “1” Input Voltage VIH = 5. | -55°C < Ta S +125°C | 
VIL {VCC =4.5V -55°C < Ta $ +125°C 


Input Leakage Current VIN = GND or VCC 1,2,3 -55°C < Ta < +125°C -1.0 
VCC = 5.5V 


Logical “0” Input Voltage 


Logical “1” Output Voltage VOH IOH = -2.5mA, -55°C < Ta $ +125°C 
VCC = 4.5V (Note 1) 

Logical “1” Output Voltage VOH |JIOH=-100pA -55°C < Ta <$+125°C | VCC 
VCC = 4.5V (Note 1) 

Logical “0” Output Voltage VOL IOL = +2.5mA, -55°C < Ta < +125°C 
VCC = 4.5V (Note 1) 

Output Leakage Current VO = GND or VCC, -55°C < Ta $ +125°C 
VCC = 5.5V 


Standby Supply Current VIN = GND or VCC; -55°C < Ta < +125°C 
VCC = 5.5V, 
Output Open 


1 
1 


oO 


100 


r-) 
pb 


TABLE 2. HD-6402/883 A.C. ELECTRICAL PERFORMANCE SPECIFICATIONS 
Device Guaranteed and 100% Tested 


A.C. (NOTE 1) GROUP A 
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS | TEMPERATURE 


Clock Frequency |(1)fCLOCK} VCC =4.5V 9, 10, 11 -55°C < Ta $ +125°C 
A 


Pulse Widths, (2) tPW 9,10,11 | -55°C < Ta < +125°C 
CRL, DRR, TBRL 


Input Data Setup | (4) tSET 9, 10, 11 -55°C < Ta < +125°C 
Time 
Input Data Hold =| (5) tHOLD 9, 10, 11 -55°C < Ta $ +125°C 
Time 
Output Enable (6) tEN 9, 10, 11 -55°C < Ta < +125°C 
Time 


NOTE: 
1. Interchanging of force and sense conditions is permitted. 
2. Tested with input levels of VIH = 2.76V and VIL = 0.4V. Rise and fall times are driven at 1ns/V. 


Pulse Width MR | (3) tMR 9, 10, 11 -55°C < Tas +125°C J 150 
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TABLE 3. HD-6402/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
A.C. PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE UNITS 


Input Capacitance f = 1Mhz Ta = +25°C 
— ce wees coe 
Operating Supply Current ICCOP | VCC =5.5V, 1 -55°C < Ta < +125°C 


Clock Freq. = 2MHz, 
VIN = VCC or GND, 


Outputs Open 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design and after major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


la I 
a CCU 
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Burn-In Circuits 


HD-6402/883 CERDIP 
DETAL® ‘oC — 
Rt 
Cc z 4 | 40 = FO 
1 
2 | 39 | vcc 
RI 
R1 vec 
ia R1 Es ES Rt 
GND | 4 | WV vcc 
iS vec 
= = 
A g 35) Wy GND 
DETAIL & oy “S Ed GND 
NOTE: ONE PER BOARD “y 8 | | 33 | wy vec 
Rt 
A ro | 32 GND 
Rt 
a 19) DIP El ays See 
"NN HD-6402/883 GND 
rT x Lu Le Rt 
i =: Sh on 
R1 
Ei “y 13} 28 | N GND 
A vec 
3 | Y 2 Ed R1 
O— 15] | 26 GND 
e GND 16] 25) 
Ss FO | 24] (NOTE 5) 
o vcc 18) | 23} 
19) 
FO [20] 21] GND 


~ 

5 
qw 
Ee 
ao 
n> 
os 
a 
os 
oO 
Oo 


NOTES: 
1. VCC = 5.5V + 0.5V 
2. FO = 100kHz + 10% 
3. R1 = 47kQ, 1/4W + 10% 
4. C=0.01pF minimum | 
5. One socket per board should not be loaded, but rather have pin 24 go the “C” of the 4011. 
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Die Characteristics 
DIE DIMENSIONS: 


126.4 mils x 134.3 mils x 19 mils 


METALLIZATION: 
Type: Si-Al 
Thickness: 10kA - 12kA 


Metallization Mask Layout 


RBR7 ' 


RBR6 | 


RBR5 


RBR4 


RBR3 


RBR2 


RBR1 


PE 


FE 


OE 


SFD 


RBR8 


HD-6402/883 


GLASSIVATION: 
Type: SiOo 
Thickness: 7kA - 9kA 


WORST CASE CURRENT DENSITY: 
1.42 x 10° A/em? 


HD-6402/883 


RRD GND NC VCC’ TRC EPE CLS1 CLS2 SBS 


a H as , 
ry! res ' 
EIAs 3 C) 

e 
n 


RRC DRR DR 


PI 
Fal CAL 
: an = ry = : = 
ey ee ; TBR8 
a) MH es gre 
er, | al eX O's act 
es ‘sa Et “f= TBR7 
te ==) f=2) ln is 
Ca Bi * =e}, 335, a 
Sy 0 Sy te Seely ya TBR6 
is =A Bes 
c24 Ges vf =, a3 = 
3 | “a lesl (dest 
= sh = 3 Pent TBR4 
= wel lit Bley || Beall! 
: | | yl y Fs = 
wy aL Mi 4 LE 
3 =) Mi a Fal Ble TBR3 
= Bay 4) : a ze on 
wea AES fara ee TBR2 
ay Biol = 2 
= a Pr hie ne 
ss} EN Ue TBR 
all 
Riri os 
AE WEy RO 


RRI MR TBRE TBRL TRE 
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HARRIS HD-6408 


CMOS Asynchronous Serial 
March 1997 Manchester Adapter (ASMA) 


Features Description 


e Low Bit Error Rate The HD-6408 is a CMOS/LSI Manchester Encoder/Decoder 
; for creating a very high speed asynchronous serial data bus. 
* Data Rate lai The acoder iio serial NRZ data (typically from a shift 
e Sync Identification and Lock-In register) to Manchester Il encoded data, adding a sync pulse 
and parity bit. The Decoder recognizes this sync pulse and 
* Clock Recovery identifies it as a Command Sync or a Data Sync. The data is 
° Manchester II Encoder, Decoder then decoded and shifted out in NRZ code (typically into a 
shift register). Finally, the parity bit is checked. If there were 
Separate Encode and Decode no Manchester or parity errors the Decoder responds with a 
Low Operating Power 50mW at 5V__ Valid word signal. The Decoder puts the Manchester code to 
full use to provide clock recovery and excellent noise immu- 

Single Power Supply nity at these very high speeds. 


24 Lead Package The HD-6408 can be used in many commercial applications 
Orderi Inf ti such as security systems, environmental control systems, 
raering inrormation seria! data links and many others. It utilizes a single 12 x 


PART clock and achieves data rates of up to one million bits per 
eee TEMP. RANGE NUMBER is second with a very minimum overhead of only 4 bits out of 
20, leaving 16 bits for data. 
PDIP =| -40°C to +85°C | HD3-6408-9 E24.6 g 
CERDIP -40°C to +85°C =| HD1-6408-9 


Pinout 
HD-6408 (DIP) 


TOP VIEW 
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Block Diagrams 


ENCODER 


14 
EC 


13 


SCI 


ESC 


SD 


SS 


CHARACTER 16 


i ears i FORMER 17 
Spl 18 DATA 19 


EE 


HD-6408 
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BIT COUNTER 


VALID 
WORD 
TEST 
CIRCUIT 
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IDENTIFIER 
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Pin Description 


| PIN | TYPE SYMBOL SECTION DESCRIPTION 
) 1 [ Oo | wi | Decoder — Output high indicates receipt of a VALID WORD. 


2 ESC Encoder ENCODER SHIFT CLOCK is an output for shifting data into the Encoder. The En- 
coder samples SDI on the low-to-high transition of ESC. 

3 TD Decoder TAKE DATA output is high during receipt of data after identification of a sync pulse 
and two valid Manchester data bits. 

| 4 | oO | spo | Decoder | SERIAL DATA OUT delivers received data in correct NRZ format. 

5 DC Decoder DECODER CLOCK input drives the transition finder, and the synchronizer which 
in turn supplies the clock to the balance of the Decoder. Input a frequency equal to 
12X the data rate. 

Bahai 
S208 Ball hell 
UDI Decoder With pin 6 high and pin 7 low, this pin enters UNIPOLAR DATA IN to the transition 
finder circuit. lf not used this input must be held low. 
DSC Decoder DECODER SHIFT CLOCK output delivers a frequency (DECODER CLOCK + 12), 
synchronized by the recovered serial data stream. 
CDS Decoder COMMAND/DATA SYNC output high occurs during output of decoded data which 
was preceded by a Command synchronizing character. A low output indicates a 
Data synchronizing character. 
Decoder A high input to DECODER RESET during a rising edge of DECODER SHIFT 
CLOCK resets the decoder bit counting logic to a condition ready for a new word. 
GND GROUND supply pin. 
Both A high on MASTER RESET clears the 2:1 counters in both the encoder and decod- 
er and the + 6 counter. 
DBS Encoder DIVIDE BY SIX is an output from 6:1 divider which is driven by the ENCODER 
CLOCK. 
BZO Encoder BIPOLAR ZERO OUT is a active low output designed to drive the zero or negative 
sense of a bipolar line driver. 


A low on OUTPUT INHIBIT forces pin 15 and 17 high, their inactive states. 


BOO Encoder BIPOLAR ONE OUT is an active low output designed to drive the one or positive 
sense of a bipolar line driver. 


A high input should be applied to BIPOLAR ZERO IN when the bus is in its negative 
state. This pin must be held high when the Unipolar input is used. 


A high input should be applied to BIPOLAR ONE IN when the bus is in its positive 
state, this pin must be held low when the Unipolar input is used. 


_ 
oO 


—* 
—_ 


_ 
Nh 


aA 


=" 


— 


SERIAL DATA IN accepts a serial data stream at a data rate equal to ENCODER 
SHIFT CLOCK. 
Encoder A high on ENCODER ENABLE initiates the encode cycle. (Subject to the preced- 
ing cycle being completed). 


NO 
oO 


sS Encoder SYNC SELECT actuates a Command sync for an input high and data sync for an 
input low. 

SD SEND DATA is an active high output which enables the external source of serial 
data. 


SCI SEND CLOCK IN is 2X the Encoder data rate. 
EC ENCODER CLOCK is the input to the 6:1 divider. 


Vcc Both Vcc is the +5V power supply pin. A 0.1p.F decoupling capacitor from Vcc (pin 24) 
to GND (pin 12) is recommended. 


— 


N 
ie) 


NO 
- 


Nh ine) — —_ 
ine) © N 1] OD oa w 
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HD-6408 


Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SClock input. An 
auxiliary divide by six counter is provided on chip which can 
be utilized to produce the SClock by dividing the DClock. 


The Encoder’s cycle begins when EE is high during a falling 
edge of ESC (1). This cycle lasts for one word length or 
twenty ESC periods. At the next low-to-high transition of the 
ESC, a high at SS input actuates a Command sync or a low 
will produce a Data sync for that word (2). When the Encoder 
is ready to accept data, the SD output will go high and 
remain high for sixteen ESC periods (3) - (4). 


TIMING - 


During these sixteen periods the data should be clocked into 
the SD Input with every high-to-low transition of the ESC (3) 
- (4). After the sync and Manchester Il encoded data are 
transmitted through the BOO and BZO outputs, the Encoder 
adds on an additional bit which is the (odd) parity for that 
word (5). If ENCODER ENABLE is held high continuously, 
consecutive words will be encoded without an interframe 
gap. ENCODER ENABLE must go low by time (5) as shown 
to prevent a consecutive word from being encoded. At any 
time a low on O! will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 


To Abort the Encoder transmission a positive pulse must be 
applied at MR. Any time after or during this pulse, a low-to- 
high transition on SCI clears the internal counters and initial- 
izes the Encoder for a new word. 


terete tere | | 


Es . PUA runnin 
cE LLL ON EME LLL, | LLL 


88 OLA LLLLLL LL DONT BRE, LLL LLL AS 


. ee, 
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Decoder Operation 


The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DClock input. The 
Manchester II coded data can be presented to the Decoder 
in one of two ways. The BOI and BZI inputs will accept data 
from a differential output comparator. The UDI input can only 
accept noninverted Manchester || coded data (e.g. from 
BOO of an Encoder through an inverter to UDI). 


The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized (1), the type of sync is indicated by the 
CDS output. If the sync character was a command, this out- 
put will go high (2) and remain high for sixteen DSC periods 
(3), otherwise it will remain low. The TD output will go high 
and remain high (2) - (3) while the Decoder is transmitting 
the decoded data through SDO. 


TIMING | 


peeege ela ey eee | 


The decoded data available at SDO is in a NRZ format. The 
DSC is provided so that the decoded bits can be shifted into 
an external register on every low-to-high transition of this 
clock (2) - (3). Note that DECODER SHIFT CLOCK may 
adjust its phase up until the time that TAKE DATA goes high. 


After all sixteen decoded bits have been transmitted (3) the 
data is checked for odd parity. A high on VW output (4) indi- 
cates a successful reception of a word without any 
Manchester or parity errors. At this time the Decoder is look- 
ing for a new sync character to start another output 
sequence. VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown (1). 


At any time in the above sequence a high input on DR during 
a low-to-high transition of DSC will abort transmission and ini- 
tialize the Decoder to start looking for a new sync character. 


| 16 | 17 | 18 | 19 | | | | 


CDS DS a 


SALA SSSSSY////70 AK EE 0 EEE 


Vw FROM PREVIOUS RECEPTION 7/7) 
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OO 
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Absolute Maximum Ratings Thermal Information 

SUDO VONROG cic cc ccc acdc areseeses ecg nus eas sacuan ws +7.0V Thermal Resistance (Typical) ......... ByA 85C 
Input, Output or I/O Voltage ........... GND -0.3V to Vcc +0.3V CERDIP Package ..............-- 50°C/W 11°C/W 
Storage Temperature Range ................. -65°C to +150°C PDIP Package..........0.eeeeees 60°C/W N/A 
JUNCHON TAMPRIGNNG i060 06e esses aces neesreavinwees +175°C = Gate Count... . o.oo cc ccccccccccccccceceeuncucee 456 Gates 
Lead Temperature (Soldering 10s).................055 +300°C 

EoD) CIaSSHiGAHON cs oscc xd ents once onan Sees eres ees Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................05. +4.5V to+5.5V Operating Temperature Range 
inna ch iesiocerse aedesces ceanews -40°C to +85°C 


DC Electrical Specifications Voc = 5.0V +10%, Ta = -40°C to +85°C 

[SvwBOL_[ PARAMETER [MIN | TYP_[ MAX | UNITS [| TESTCONDITIONS 
VIHC Logical “1” Input Voltage (Clock) Vooos} - | - [ v foo | 
Vc Logical “O” Input Voltage (Clock) 2 ee 


= 
ad 


5-8, 11, 13, 16, 18, 19, 20, 22, 23 


or feeromneme ff |p ore 
Sm 


NOTE: 
1. Guaranteed but not 100% tested. 


AC Electrical Specifications Voc = 5.0V +10%, Ta = -40°C to +85°C 


SYMBOL PARAMETER | MIN | TYP | MAX | UNITS TEST CONDITIONS 


ENCODER TIMING 


Become 
a 
Fc 
FE 
CO 
a 
CS 
[rte [emo Pm | fer 
a 
FO 
frta feos Pm | 
Cc 
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AC Electrical Specifications Voc = 5.0V +10%, Ta = -40°C to +85°C (Continued) 

[sywpot_ [PARAMETER [MIN [Typ [ MAX [ UNITS | TESTCONDITIONS 
feates[omweme Tm face 
Ca 
Ce 
a 
DECODER TIMING 

[ro Tocn_[oemaercnatnestine 
so 


(23) Tprs Decoder Reset Setup Time 

(31) Tps Sync Delay (ON) 

(Stow [rowomoowom fe | [me [me fase 
CC 


NOTE: 
1. Tpc = Decoder Clock Period = VF Dc. (These parameters are guaranteed but not 100% tested). 


Cy = 50pF 
C. = 50pF 
C. = 50pF 
MHz |C; =50pF 
Cy = 50pF 
C,, = 50pF 
MHz |C, =50pF 
C. = 50pF 


Cy = 50pF 


MN 
on 


fos) 

4 
9 
ro) 


= 
oO 


C, = 50pF 
C, = 50pF 
Note 1, C, = 50pF 
Note 1, C, = 50pF 
Tpc -10 Note 1, C, = 50pF 
Note 1, C_ = 50pF 


Note 1, C, = 50pF 


_ 
_ 
oO 


Ci = 50pF 


— 
= 
oO 


Ci = 50pF 


C. = 50pF 


QO 
AS 
" 
on 
o 
no) 
mn 


Capacitance Ty, = +25°C 
SYMBOL PARAMETER | MIN | TYP) | MAX | UNITS TEST CONDITIONS 
surements are referenced 


to device GND 
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AC Testing Input, Output Waveform 


INPUT 
Vin VOH 
50% 50% 
ViL Voi 


NOTE: AC Testing: All input signals must switch between Vj, and Vjy. Input rise and fall times are driven at 1ns per volt. 


Encoder Timing 


(7) 
= |p — TE me pe (16) | 


ESC (10) 
—»>| TE = (17) 
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Decoder Timing 


NOTE: Ul = 0, FOR NEXT DIAGRAMS 


|~—_—_——BIT PERIOD > BIT PERIOD > | « __—_—_BIT PERIOD--_> 
BOI 


Tp1 
26 
je Tp2 emi |< Tp3 (28) | ~ Tp3 (28) 
Bzi | a ae 
(26) 
| | ae ‘an Tp2 an 
COMMAND SYNC (27) ) 
= 
BOI | | ~ (28) (28) 
| Tin (27>-——>| |} Tp3 a te a Tyg a 
(28) | 
<t Tp 
BZI (26) 
DATA SYNC | |\——_—_——_+—— Tp2. ——+ | 
| | | = | 
Tp | Tp1 
_ (26) (26) ey 
ga Tos Tos (28) | Tos— (28) | —>| |< Tos ——_| |+ Tos (28) 
nia —<Tp1 
(26) 
| xt Tg ae Tps (30) | Tps (30) ed Tp ———| 
(29) | (29) 
ONE ZERO | ONE | 


NOTE: BOI = 0, BZI = 1 FOR NEXT DIAGRAMS 


| (27) 


| (27) | 


Ul Tp2 <<. T 99 <> 
COMMAND SYNC | 
27 

UI Tp2 | Tp2 

| 

l DATA SYNC dy (29) | (29) 
Ul Tp4 er Tipe p= Tp4 Tp4 

(29) | 
ONE | ZERO (30) ONE | ONE 
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Decoder Timing (continued) 


DSC (31) | | | | 
Tp6 + 
CDS 


TD 


DSC 


SDO DATA BIT 


DSC (34) | | 
T 


CDs (35) 
“Too = 
(36) To1y > 
vw ton | 


DSC | | | 
(23) Tors =| -— 


(22) Tor 


(24) Topo ——>|  /— 


DR 
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@ HAR HD-6409 


March 1997 CMOS Manchester Encoder-Decoder 
Features Description 
e Converter or Repeater Mode The HD-6409 Manchester Encoder-Decoder (MED) is a high 


speed, low power device manufactured using self-aligned sil- 


* didependent Manchester Encoder and Decoder icon gate technology. The device is intended for use in serial 


Operation data communication, and can be operated in either of two 

¢ Static to One Megabit/sec Data Rate Guaranteed modes. In the converter mode, the MED converts Non 
; return-to-Zero code (NRZ) into Manchester code and 

* Low Bit Error Rate decodes Manchester code into Nonreturn-to-Zero code. For 
¢ Digital PLL Clock Recovery serial data communication, Manchester code does not have 
some of the deficiencies inherent in Nonreturn-to-Zero code. 

¢ On Chip Oscillator For instance, use of the MED on a serial line eliminates DC 
¢ Low Operating Power: 50mW Typical at +5V components, provides clock recovery, and gives a relatively 
high degree of noise immunity. Because the MED converts 

¢ Available in 20 Lead Dual-in-Line and 20 Pad LCC the most commonly used code (NRZ) to Manchester code, 
Package the advantages of using Manchester code are easily realized 


Ordering Information in a serial data link. 


TEMPERATURE 
RANGE 1 MEGABIT/SEC 


PDIP -40°C to +85°C | HD3-6409-9 /E20.3 | 
SOIC -40°C to +85°C | HD9P6409-9 /M20.3. | 


In the Repeater mode, the MED accepts Manchester code 
input and reconstructs it with a recovered clock. This mini- 
mizes the effects of noise on a serial data link. A digital 
phase lock loop generates the recovered clock. A maximum 
data rate of 1MHz requires only 50mW of power. 


Manchester code is used in magnetic tape recording and in 
fiber optic communication, and generally is used where data 


CERDIP -40°C to +85°C F20.3 
-55° ? - F20. nz ; 7) 
BES So Io Tee" | Sacer Beso IMA accuracy is imperative. Because it frames blocks of data, the za 
CLOC -40°C to +85°C_}| HD4-6409-9 HD-6409 easily interfaces to protocol controllers. <x = 
DESC -55°C to 125°C +|5962-9088801M2A |J20.A a 3 
n2 
2 = 
Pinouts of 
HD-6409 (CERDIP, PDIP, SOIC) HD-6409 (CLCC) 2 

TOP VIEW TOP VIEW 


SD/CDS 
SDO 
SRST 
NVM 


DCLK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2951 1 
Copyright © Harris Corporation 1997 5-123 
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Block Diagram 


SDO 
NVM 
BOO 
REGISTER 
AND DECODER Ct 
COMMAND teen GTs 
SYNC a 
ee Pe 
SRST 
RST >> RESET 
INPUT/ 
MANCHESTER 
SD/CDS OUTPUT ENCODER 
SELECT 

MS 

Ix ECLK 

OSCILLATOR 
co . 
ss 
Logic Symbol 


ss CLOCK Ox 
co GENERATOR IX 
SD/CDS BOO 
ECLK BZO 
ENCODER crs 
MS 
RST CONTROL 
SDO BOI 
DCLK BZI 
NVM UDI 


DECODER 
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Pin Description 


PIN 
NUMBER SYMBOL wos] ne DESCRIPTION 


Used in conjunction with pin 2, Bipolar One Input (BOI), to input Manchester II 
encoded data to the decoder, BZI and BOI are logical complements. When using 
pin 3, Unipolar Data Input (UDI) for data input, BZ! must be held high. 


Used in conjunction with pin 1, Bipolar Zero Input (BZ), to input Manchester II 
encoded data to the decoder, BOI and BZ! are logical complements. When using 
pin 3, Unipolar Data Input (UDI) for data input, BO! must be held low. 


An alternate to bipolar input (BZI, BOI), Unipolar Data Input (UDI) is used to input 
Manchester II encoded data to the decoder. When using pin 1 (BZI) and pin 2 
(BOI) for data input, UDI must be held low. 


In the converter mode, SD/CDS is an input used to receive serial NRZ data. NRZ 
data is accepted synchronously on the falling edge of encoder clock output 

(ECLK). In the repeater mode, SD/CDS is an output indicating the status of last 
valid sync pattern received. A high indicates a command sync and a low indicates 
a data sync pattern. 


In the converter mode, SRST follows RST. In the repeater mode, when RST goes 
low, SRST goes low and remains low after RST goes high. SRST goes high only 
when RST is high, the reset bit is zero, and a valid synchronization sequence is 
received. 


A low on NVM indicates that the decoder has received invalid Manchester data 
and present data on Serial Data Out (SDO) is invalid. A high indicates that the 
sync pulse and data were valid and SDO is valid. NVM is set low by alowon RST, 


aye - 
7 NVM Nonvalid Manchester 
and remains low after RST goes high until valid sync pulse followed by two valid 
Manchester bits is received. 


DCLK | Decoder Clock The decoder clock is a 1X clock recovered from BZI and BOI, or UDI to synchro- 
nously output received NRZ data (SDO). 


In the converter mode, a low on RST forces SDO, DCLK, NVM, and SRST low. 
A high on RST enables SDO and DCLK, and forces SRST high. NVM remains 
low after RST goes high until a valid sync pulse followed by two Manchester bits 
is received, after which it goes high. In the repeater mode, RST has the same ef- 
fect on SDO, DCLK and NVM as in the converter mode. When RST goes low, 
SRST goes low and remains low after RST goes high. SRST goes high only 


when RST is high, the reset bit is zero and a valid synchronization sequence is 
received. 


Clock Input lx is the input for an external clock or, if the internal oscillator is used, ly and Ox 
are used for the connection of the crystal. 


i 
oe) 


Ox Clock Drive If the internal oscillator is used, Oy and ly are used for the connection of the crys- 
tal. 
Mode Select MS must be held low for operation in the converter mode, and high for operation 
in the repeater mode. 


In the converter mode, a high disables the encoder, forcing outputs BOO, BZO high 
and ECLK low. A high to low transition of CTS initiates transmission of a Command 
sync pulse. A low on CTS enables BOO, BZO, and ECLK. In the repeater mode, 
the function of CTS is identical to that of the converter mode with the exception that 
a transition of CTS does not initiate a synchronization sequence. 


—_ 
> 


_ 
o 


In the converter mode, ECLK is a 1X clock output used to receive serial NRZ data 
to SD/CDS. In the repeater mode, ECLK is a 2X clock which is recovered from 
BZI and BO! data by the digital phase locked loop. 


= 
Nh 


ECLK | Encoder Clock 
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Pin Description 


NOTE: (I) Input (O) Output 


Encoder Operation 


The encoder uses free running clocks at 1X and 2X the data 
rate derived from the system clock ly for internal timing. CTS 
is used to control the encoder outputs, ECLK, BOO and 
BZO. A free running 1X ECLK is transmitted out of the 
encoder to drive the external circuits which supply the NRZ 
data to the MED at pin SD/CDS. 


A low on CTS enables encoder outputs ECLK, BOO and 
BZO, while a high on CTS forces BZO, BOO high and holds 
ECLK low. When CTS goes from high to low G), a synchro- 
nization sequence is transmitted out on BOO and BZO. A 
synchronization sequence consists of eight Manchester “0” 


PIN 
NUMBER SYMBOL a DESCRIPTION 
7 SS Speed Select A logic high on SS sets the data rate at 1/32 times the clock frequency while a 
low sets the data rate at 1/16 times the clock frequency. 
18 BZO Bipolar Zero Output | BZO and its logical complement BOO are the Manchester data outputs of the en- 
coder. The inactive state for these outputs is in the high state. 


eS 8 


Vcc is the +5V power supply pin. A 0.14.F decoupling capacitor from Vcc (pin- 
20) to GND (pin-10) is recommended. 


bits followed by a command sync pulse. Q) A command 
sync pulse is a 3-bit wide pulse with the first 1 1/2 bits high 
followed by 1 1/2 bits low. @) Serial NRZ data is clocked into 
the encoder at SD/CDS on the high to low transition of ECLK 
during the command sync pulse. The NRZ data received is 
encoded into Manchester II data and transmitted out on 
BOO and BZO following the command sync pulse. (4) Fol- 
lowing the synchronization sequence, input data is encoded 
and transmitted out continuously without parity check or 
word framing. The length of the data block encoded is 
defined by CTS. Manchester data out is inverted. 


ae | 
| | 
pe EIGHT “0's” tT coma, 
SYNC 
; 
wt SYNCHRONIZATION SEQUENCE ad 


ian I nae Le 


FIGURE 1. ENCODER OPERATION 


ECLK 
1 | 1 | 1 
SD/CDS 
! sq i] ‘0’ { | | 1 
BZO ar 
; ' <q? 1 ‘0’ | ‘4’ 
BOO ' 
' ? lou | 
| I 
1 | I 
4 | 
| ! 
! | | 
| I 
Decoder Operation 


The decoder requires a single clock with a frequency 16X or 
32X the desired data rate. The rate is selected on the speed 
select with SS low produciiig a 16X clock and high a 32X 
Clock. For long data links the 32X mode should be used as 
this permits a wider timing jitter margin. The internal opera- 
tion of the decoder utilizes a free running clock synchronized 
with incoming data for its clocking. 


The Manchester II encoded data can be presented to the 
decoder in either of two ways. The Bipolar One and Bipolar 


Zero inputs will accept data from differential inputs such as a 
comparator sensed transformer coupled bus. The Unipolar 
Data input can only accept noninverted Manchester II 
encoded data i.e. Bipolar One Out through an inverter to 
Unipolar Data Input. The decoder continuously monitors this 
data input for valid sync pattern. Note that while the MED 
encoder section can generate only a command sync pattern, 
the decoder can recognize either a command or data sync 
pattern. A data sync is a logically inverted command sync. 
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There is a three bit delay between UDI, BOI, or BZI input and 
the decoded NRZ data transmitted out of SDO. 


Control of the decoder outputs is provided by the RST pin. 
When RST is low, SDO, DCLK and NVM are forced low. 
When RST is high, SDO is transmitted out synchronously 
with the recovered clock DCLK. The NVM output remains 
low after a low to high transition on RST until a valid sync 
pattern is received. 


The decoded data at SDO is in NRZ format. DCLK is pro- 
vided so that the decoded bits can be shifted into an external 
register on every high to low transition of this clock. Three bit 
periods after an invalid Manchester bit is received on UDI, or 
BOI, NVM goes low synchronously with the questionable 
data output on SDO. FURTHER, THE DECODER DOES 
NOT REESTABLISH PROPER DATA DECODING UNTIL 
ANOTHER SYNC PATTERN IS RECOGNIZED. 


DCLK i l f | i ; ; ‘ i i : j [ : [ i f | ! ; i { i i [ i 


1 1 ' ' l I 1 1 
\ ; COMMAND , | | | 
—_—_——_— 

I | SYNC { | 1 0 | 1 

1 | ' ' | 1 1 | 
SDO 

1 | 1 1 1 \ 
RST i 1 1 i] 1 ! 1 ' 

| | | | | | | | 
NVM i i] 1 i] 1 1 i] 


FIGURE 2. DECODER OPERATION 


Repeater Operation 


Manchester II data can be presented to the repeater in either 
of two ways. The inputs Bipolar One In and Bipolar Zero In 
will accept data from differential inputs such as a comparator 
or sensed transformer coupled bus. The input Unipolar Data 
In accepts only noninverted Manchester || coded data. The 
decoder requires a single clock with a frequency 16X or 32X 
the desired data rate. This clock is selected to 16X with 
Speed Select low and 32X with Speed Select high. For long 
data links the 32X mode should be used as this permits a 
wider timing jitter margin. 


The inputs UDI, or BOI, BZ! are delayed approximately 1/2 
bit period and repeated as outputs BOO and BZO. The 2X 
ECLK is transmitted out of the repeater synchronously with 
BOO and BZO. 


le- SYNC PULSE ——L———_» 
1 


A low on CTS enables ECLK, BOO, and BZO. In contrast to 
the converter mode, a transition on CTS does not initiate a 
synchronization sequence of eight 0’s and a command sync. 
The repeater mode does recognize a command or data sync 
pulse. SD/CDS is an output which reflects the state of the 
most recent sync pulse received, with high indicating a com- 
mand sync and low indicating a data sync. 


When RST is low, the outputs SDO, DCLK, and NVM are 
low, and SRST is set low. SRST remains low after RST goes 
high and is not reset until a sync pulse and two valid 
manchester bits are received with the reset bit low. The reset 
bit is the first data bit after the sync pulse. With RST high, 
NRZ Data is transmitted out of Serial Data Out synchro- 
nously with the 1X DCLK. 


cal?) eee eee 


I I 
I ! 
beeweew e's ws ww ob 


FIGURE 3. REPEATER OPERATION 
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Manchester Code 


Nonreturn-to-Zero (NRZ) code represents the binary values 
logic-O and logic-1 with a static level maintained throughout 
the data cell. In contrast, Manchester code represents data 
with a level transition in the middle of the data cell. Manches- 
ter has bandwidth, error detection, and synchronization 
advantages over NRZ code. 


The Manchester II code Bipolar One and Bipolar Zero shown 
below are logical complements. The direction of the transi- 
tion indicates the binary value of data. A logic-O in Bipolar 
One is defined as a Low to high transition in the middle of 
the data cell, and a logic-1 as a high to low mid bit transition, 
Manchester Il is also Known as Biphase-L code. 


The bandwidth of NRZ is from DC to the clock frequency fc/2, 
while that of Manchester is from fc/2 to fc. Thus, Manchester 
can be AC or transformer coupled, which has considerable 
advantages over DC coupling. Also, the ratio of maximum to 
minimum frequency of Manchester extends one octave, while 
the ratio for NRZ is the range of 5-10 octaves. It is much eas- 
ier to design a narrow band than a wideband amp. 


Secondly, the mid bit transition in each data cell provides the 
code with an effective error detection scheme. If noise pro- 
duces a logic inversion in the data cell such that there is no 
transition, an error indiction is given, and synchronization 
must be re-established. This places relatively stringent 
requirements on the incoming data. 


BIT PERIOD 1 
BINARY CODE ! 0 ! 
I 


NONRETURN 
TO ZERO 


BIPOLAR ONE 


BIPOLAR ZERO 


The synchronization advantages of using the HD-6409 and 
Manchester code are several fold. One is that Manchester is 
a self clocking code. The clock in serial data communication 
defines the position of each data cell. Non self clocking 
codes, as NRZ, often require an extra clock wire or clock 
track (in magnetic recording). Further, there can be a phase 
variation between the clock and data track. Crosstalk 
between the two may be a problem. In Manchester, the 
serial data stream contains both the clock and the data, with 
the position of the mid bit transition representing the clock, 
and the direction of the transition representing data. There is 
no phase variation between the clock and the data. 


A second synchronization advantage is a result of the num- 
ber of transitions in the data. The decoder resynchronizes on 
each transition, or at least once every data cell. In contrast, 
receivers using NRZ, which does not necessarily have tran- 
sitions, must resynchronize on frame bit transitions, which 
occur far less often, usually on a character basis. This more 
frequent resynchronization eliminates the cumulative effect 
of errors over successive data cells. A final synchronization 
advantage concerns the HD-6409’s sync pulse used to ini- 
tiate synchronization. This three bit wide pattern is suffi- 
ciently distinct from Manchester data that a false start by the 
receiver is unlikely. 


FIGURE 4. MANCHESTER CODE 


Crystal Oscillator Mode 


C1 


Ix 

C1 = 32pF 

CO = CRYSTAL + STRAY 

X1 = AT CUT PARALLEL 
RESONANCE 
FUNDAMENTAL 
MODE 

Rs (TYP) = 30 


Co 


FIGURE 5. CRYSTAL OSCILLATOR MODE 


LC Oscillator Mode 
C1 
Ix 
C1 = 20pF 
CO = 5pF 
C1-2C0 
L Cex 
~ eee 
fis 2n fic, 
C1 


FIGURE 6. LC OSCILLATOR MODE 
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Using the 6409 as a Manchester Encoded UART 


BIPOLAR IN BZI 
BIPOLAR IN BO! : BIPOLAR OUT 
BIPOLAR OUT 


= 
A B CK QH| AB CK CK LOAD QH | SI CK ph QH 


Coe ee 8 2 ee ee 
DATA IN DATA IN 
CP ‘273 273 PARALLEL DATA IN 


PARALLEL DATA OUT 


FIGURE 7. MANCHESTER ENCODER UART 
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Absolute Maximum Ratings Thermal Information 
SUDO VONAOS 2 csci ce cacvceeeeceunaen gece sinvaxsans +7.0V Thermal Resistance (Typical) ByA 85C 
Input, Output or I/O Voltage ........... GND -0.5V to Vc¢c +0.5V CEADIP cos cnescnavaveasunnses nna 83°C/W = 23°C /W 
EGU CMSSICRUON ¢iceccetesciesaseuededenes denne. Class 1 CLCC Package .............00ee0ue 95°C/W 26°C /W 
PDIP Package ............000cceeee 75°C/W N/A 
SOIC PACKAGS. «occ nnsncaewecrasnce 100°C/W N/A 
Storage Temperature Range.................. -65°C to +150°C 
Maximum Junction Temperature 
Ceramic Package ...........c cece eee ee eens +175°C 
PIG PACH ose cece censecu ars cckadersisvis +150°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


(Lead Tips Only for Surface Mount Packages) 


Die Characteristics 
Gals Gout ocx cade uddvaudsvdsensees ee ene a cena 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range................. -40°C to+85°C = Sync. Transition Span (t2).......... 1.5 DBP Typical, (Notes 1, 2) 
Operating Voltage Range..................06- +4.5V to+5.5V Short Data Transition Span (t4)....... 0.5DBP Typical, (Notes 1, 2) 
Ingut ise and Fall TIMSS..36..cccccseeseneavcsaxias 50ns Max Long Data Transition Span (t5)....... 1.0DBP Typical, (Notes 1, 2) 

Zero Crossing Tolerance (tCD5)..................000- (Note 3) 
NOTES: 


1. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 


2. The input conditions specified are nominal values, the actual input waveforms transition spans may vary by +2 |x clock cycles (16X mode) 
or +6 ly clock cycles (82X mode). 


3. The maximum zero crossing tolerance is +2 ly clock cycles (16X mode) or +6 lx clock cycles (32 mode) from the nominal. 


DC Electrical Specifications Voc = 5.0V + 10%, Ta = -40°C to +85° (HD-6409-9) 


[ syweot [PARAMETER [MIN [WAX [UNITS [ (NOTE 1) TEST CONDITIONS 
[Vin [Rosical input Vottage [70% Veg [Woo 80 
Vit Logical “0” Input Voltage 
VILC Logical “O” Input Voltage (Clock) 


0 

Output LOW Voltage (All Except Ox) 

IocsB Standby Power Supply Current A 
" 


Iccop Operating Power Supply Current 
Vcc = 5.5V, CL = 50pF 


Functional Test | = | (Note 1) 
NOTES: 


1. Tested as follows: f = 16MHz, Vip = 70% Voc, Vit = 20% Voc, Vou 2 Voc/2, and Vo. < Voc/2, Voc = 4.5V and 5.5V. 
2. Interchanging of force and sense conditions is permitted 


Vin = Voc or GND, Vcc = 5.5V 


Vout = Vcc or GND, Vcc = 5.5V 
IOH = -2.0MA, Voc = 4.5V (Note 2) 


lo. = +2.0mA, Voc = 4.5V (Note 2) 


Vin = Voc or GND, Vcc = 5.5V, 
Outputs Open 


=< 
a 
ll 
< 
GC 
O 
° 
G) 
z 
oS 
< 
O 
O 
ll 
oO 
on 
< 


pA 
pA 
V 
V 
Mv 
A 


f = 16.0MHz, Vin = Voc or GND 


Capacitance Ta, = +25°C, Frequency = 1MHz 


SYMBOL PARAMETER UNITS 


TEST CONDITIONS 


All measurements are referenced to device GND 
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AC Electrical Specifications Voc = 5.0V 10%, Ta = -40°C to +85°C (HD-6409-9) 


[seman [rananeren [we [ wax [urs [nove FesTeonomons 
[Te |oeareneey | 
FS OO 
Pty | Bipolar Pulse Width tc+10 aaa 

ae 


One-Zero Overlap 
tCH Clock High Time ns f = 16.0MHz 
ns f = 16.0MHz 


tcL Clock Low Time 


Serial Data Setup Time 
Serial Data Hold Time 


DCLK to SDO, NVM 


=" 
Ph 
oO 


rc et 
oo 
a a 


1. AC testing as follows: f = 4.0MHz, Vipy = 70% Vcc, Vit = 20% Voc, Speed Select = 16X, Voy 2 Voc/2; Vor < Voc/2, Voc = 4.5V and 
5.5V. Input rise and fall times driven at 1ns/V, Output load = 50pF. 


2. Guaranteed via characteristics at initial device design and after major process and/or design changes, not tested. 
3. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 


Output Rise Time (All except Clock) 


fo | Output Fall Time (All except Clock) 
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ECLK to BZO, BOO 
TS Low to BZO, BOO Enabled 


tCEs uy 
TS High to ECLK Disabled 
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UDI to SDO, NVM 

ST Low to CDLK, SDO, NVM Low 
RST High to DCLK, Enabled 

| tay [ UDI to BZ0, BOO 


tr3 UDI to SDO, NVM 
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Timing Waveforms 


NOTE: UDI = 0, FOR NEXT DIAGRAMS 


|~_—_———BIT PERIOD > BT PERIOD >| BIT PERIOD >| 


BO! t; 
| ene Ty |<- T3 —>| |<— T3 
Bzi Ci 1; 
| | [ps | 
COMMAND SYNC | 
T 
a | <1; 
———— —o| |= 13 
Ty | 
BZI 
| DATA SYNC | |«_—_—__—_1——_ , | 
| | | | 
T 
so al | 
_ ee! |g ——- T3 ane |~T5 | ae T3 | | [nse T3 | pe T3 


Ty 
jet 1%, | Ts $$» |=_______ Ts eS ee T4 A te 


ONE | ZERO l ONE | 


NOTE: BOI = 0, BZI = 1 FOR NEXT DIAGRAMS 


UDI T2 
COMMAND SYNC | 
UDI T2 | T2 
| DATA SYNC | | | 
UDI 1,4 a————--—- Tr (ee - 1% 
ONE | ZERO | ONE | ONE 


FIGURE 8. 


—> 


tr - = tf 
3.5V 


1.0V 


FIGURE 9. CLOCK TIMING FIGURE 10. OUTPUT WAVEFORM 
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Timing Waveforms (Continued) 


FIGURE 11. ENCODER TIMING 


cTs 
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FIGURE 12. ENCODER TIMING FIGURE 13. ENCODER TIMING 
DCLK | 
| | | 1 1 tops | 
1 1 1 \ 1 Lge 1 
1 1 ' =o ¥ 
1 1 1 1 1 re) 
UDI | 1 1 \ t + 1 5 =; 
\ 1 a | 
| MANCHESTER | MANCHESTER! MANCHESTER | MANCHESTER! 1 =) oO 
1 LOGIC-1 1: LOGICO | LOGIC-O | LOGIC-1 | 1 5 = 
ae a 
tep1 ~x— tep2 s= 
O = 
' 
SDO O 
NVM 


NOTE: Manchester Data-In is not synchronous with Decoder Clock. 
Decoder Clock is synchronous with decoded NRZ out of SDO. 


FIGURE 14. DECODER TIMING 


1 
| 
1: tops ra! tops 
DCLK, SDO, 
NVM | 50% DCLK | | 
FIGURE 15. DECODER TIMING FIGURE 16. DECODER TIMING 
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Timing Waveforms (Continued) 


MANCHESTER ‘1’ MANCHESTER ‘0’ MANCHESTER ‘0’ MANCHESTER ‘1’ 
ECLK 
e— tr 
troa—» 
thi — 
BZO a 
=a & 


MANCHESTER ‘1’ | MANCHESTER ‘0’ | MANCHESTER ‘0’ 


| 


FIGURE 17. REPEATER TIMING 


Test Load Circuit 


NOTE: INCLUDES STRAY AND JIG 
CAPACITANCE 


FIGURE 18. TEST LOAD CIRCUIT 
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Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Converter or Repeater Mode 


e Independent Manchester Encoder and Decoder 
Operation 


Static to One Megabit/Sec Data Rate Guaranteed 


e Low Bit Error Rate 


Digital PLL Clock Recovery 
¢ On Chip Oscillator 
e Low Operating Power: 50mW Typical at +5V 


Available in 20 Lead Dual-in-Line and 20 Pad LCC 
Package 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE 


HD1-6409/883 -55°C to +125°C | CERDIP F20.3 
HD4-6409/883 -55°C to +125°C | CLCC J20.A 


HD-6409/883 — 


CMOS Manchester Encoder-Decoder 


Description 


The HD-6409/883 Manchester Encoder-Decoder (MED) is a 
high speed, low power device manufactured using self- 
aligned silicon gate technology. The device is intended for 
use in serial data communication, and can be operated in 
either of two modes. In the converter mode, the MED con- 
verts Nonreturn-to-Zero code (NRZ) into Manchester code 
and decodes Manchester code into Nonreturn-to-Zero code. 
For serial data communication, Manchester code does not 
have some of the deficiencies inherent in Nonreturn-to-Zero 
code. For instance, use of the MED on a serial line elimi- 
nates DC components, provides clock recovery, and gives a 
relatively high degree of noise immunity. Because the MED 
converts the most commonly used code (NRZ) to Manches- 
ter code, the advantages of using Manchester code are eas- 
ily realized in a serial data link. 


In the Repeater mode, the MED accepts Manchester code 
input and reconstructs it with a recovered clock. This mini- 
mizes the effects of noise on a serial data link. A digital 
phase lock loop generates the recovered clock. A maximum 
data rate of 1MHz requires only 50mW of power. 


Manchester code is used in magnetic tape recording and in 
fiber optic communication, and generally is used where data 
accuracy is imperative. Because it frames blocks of data, the 
HD-6409/883 easily interfaces to protocol controllers. 


Pinouts 


HD1-6409/883 (CERDIP) 
TOP VIEW 


Bz [7 
Bol [2 


upi [3] 
sp/cps [4] 


spo [5] 
SRST 
NVM 
DCLK [8] 
RST 
GND [70 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HD4-6409/883 (CLCC) 
TOP VIEW 


SD/CDS 


File Number 2959.1 
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Block Diagram 


BOI 
5-BIT SHIFT 


BZI REGISTER 
AND DECODER 
UDI 
EDGE 
DETECTOR 
ST >» RESET 
INPUT/ 

SD/CDS OUTPUT 


SELECT 


IX 
COUNTER 
co c wal 


Logic Symbol 


SS 
co 


SD/CDS 
ECLK 


HD-6409/883 


SYNC 


CLOCK 
GENERATOR 


DECODER 
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MANCHESTER 


ENCODER 


SELECT 
LOGIC 
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BZI 
UDI 
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Absolute Maximum Ratings 


BUDDY VONAGE oi 65.2240 559808 Fe Nn RETO REAR OES ORE BES +7.0V 
Input, Output or I/O Voltage Applied... .. GND -0.5V to VCC +0.5V 
Bolt GIBSSNGGHON occ depeee sien so ene send BHo ED Class 1 


Operating Conditions 


Operating Temperature Range................ -55°C to +125°C 
Operating Voltage Range..................... +4.5V to +5.5V 
Input Rise and Fall Times...................002 eee 50ns Max 
Sync. Transition Span (t2) ......... 1.5 DBP Typical, (Notes 1, 2) 
Short Data Transition Span (t4) ..... 0.5 DBP Typical, (Notes 1, 2) 
Long Data Transition Span (t5)...... 1.0 DBP Typical, (Notes 1, 2) 
Zero Crossing Tolerance (tCD5)...................0.. (Note 3) 


Thermal Information 


Thermal Resistance Oya (CCIW) 8c (°C/W) 


CERDIP Packad® .....00+cseseres 83 23 

GLOC PACKAGG .ccsccucesavanecns 95 26 
Storage Temperature Range.................. -65°C to +150°C 
Maximum Junction Temperature ...............02.000- +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
COUN, 5k icc tein eek eee y iw teeeawseneie reves 250 Gates 


1. DBP - Data Bit Period. Clock Rate = 16X, one DBP = 16 Clock Cycles; Clock Rate = 32X; one DBP = 32 Clock Cycles. 
2. The input conditions specified are nominal values, the actual input waveforms transition spans may vary by +2 IX clock cycles (16X mode) 


or +6 IX clock cycles (82X mode). 


3. The maximum zero crossing tolerance is +2 IX clock cycles (16X mode) or +6 IX clock cycles (32X mode) from the nominal. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


TABLE 1. HD-6409/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 


Logic “1” Input Voltage 


Logic “0” Input voltage 


Logic “1” Input Voltage 
(RST) 


Logic “0” Input Voltage 


VILR VCC = 4.5V 
(RST) 


Logic “1” Input Voltage (IX) VIHC VCC = 5.5V 


Input Leakage Current 
(Except IX) 


Input Leakage Current (|X) 


1/O Leakage Current 


Output HIGH Voltage 
(All except OX) 


Output LOW Voltage 
(All except OX) 


GROUP A 


PARAMETER | SYMBOL | CONDITIONS | SUBGROUPS 


VIHR | VCC =5.5V 55°C <Ta<+125°C | VCC-0.5 Rai 


1, 2,3 


Logic “0” Input Voltage (IX) vILC | vcc=4.5v 55°C <Ta < +125°C 

VIN = VCC or 1,23 
GND 
VCC = 5.5V 
VIN = VCC or 1, 
GND 
VCC =5.5V 
VOUT = VCC 
or GND 
VCC = 5.5V 

VOH | 1OH=-2.0mA 
VCC = 4.5V 
(Note 1) 

VOL | 1OL=+2.0mA 
VCC = 4.5V 
(Note 1) 


2,3 
5 gD 
, 253 


LIMITS 
TEMPERATURE | MIN, | MAX UNITS 


-55°C <Ta < +125°C 70% V 
VCC 


55°C < Ty < 4+125°C | = | 20% VCC 


55°C <Ta<+125°C | VCC-0.5 | = | # | 
| GND +0.5 


-55°C <Ta < +125°C 


< Ta $ +125°C 


< Ta $ +125°C 


< Ta < +125°C 


< Ta < +125°C 
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TABLE 1. HD-6409/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 


| LIMITS 
TEMPERATURE See UNITS 
a ae 
VCC =5.5V, 


18.0 mA 
CL = 50pF 


NOTES: 
1. Interchanging of force and sense conditions is permitted. 
2. Tested as follows: f = 16MHz, VIH = 70% VCC, VIL = 20% VCC, VOH = VCC/2, and VOL < VCC/2, VCC = 4.5V and 5.5V. 


Device Guaranteed and 100% Tested 


GROUP A 
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS 


Standby Power Supply ICCSB- | VIN=VCCor 
Current GND, 

VCC = 5.5V, 
Outputs Open 


ICCOP | f=16.0MHZz, 1,2)9 
VIN = VCC or 
GND 


Operating Power Supply -55°C < Ta $ +125°C 


Current 


TABLE 2. HD-6409/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 
Device Guaranteed and 100% Tested 
(NOTE 1) GROUP A 


LIMITS 
PARAMETER SYMBOL CONDITIONS |SUBGROUPS| TEMPERATURE | MIN: | MAX | UNITS 


carey | © |_| aan | wera | |e [me 
Cc AO 
aoamraewan [|i on | errr fee] | 
remo | 8 |__| aan | aermamee | [ew] = 
eoarrtie __en_[cteome [aan | atesmsoase | = | [= 
searonasountew [OH | «| (aan | SeOeTaen | = 
searonaraarine [= |__| avon | seats | 0 

— 

= 


DCLK to SDO, NVM tCD2 Pa 9, 10, 11 55°C < Ty < +125°C 


NOTES: 


1. AC Testing as follows: f = 4.0MHz, VIH = 70% VCC, VIL = 20% VCC, Speed Select = 16X; VOH = VCC/2, VOL < VCC/2; VCC = 4.5V and 
5.5V; Input rise and fall times driven at 1 ns/V, Output load = 50pF. 


TABLE 3. HD-6409/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE joni UNITS 


All Measurements are 
I/O Capacitance CI/O referenced to device Ta = +25°C 
GND 
iad a a lil el 
CL = 50pF 
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TABLE 3. HD-6409/883 ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN. | MAX: UNITS 
Output Fall Time (All except CO) From 3.5 to 1.0V -55°C < Ta $ +125°C 50 
CL = 50pF 
CO Rise Time From 1.0 to 3.5V 1,2 | -55°C < Ty < +125°C 11 
CL = 20pF 


CO Fall Time tf From 3.5 to 1.0V 1,2 | -55°C < Ta < +125°C 
CL = 20pF 


ECLK to BZO, BOO wes | 1,8 | 55°C Tas +128°C 


—s 
—_ 


GTS Low to BZO BOO Enabled 55°C < Ty < +125°C 15 | DBP 
CTS Low to ECLK Enabled {CES 55°C <T,<4125°C] 10.5 | 11.5 | DBP 


1,3. | -55°C < Ty < +125°C 


UDI to SDO, NVM tCD1 F ttsi‘i‘s*dYSC 55°C < Ty < +125°C 


— 
ro) 
~) 
w 
a 


3.0 | DBP 
Ta [arose] oo [5 | 
seas a 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. 
2. Guaranteed via characterization at initial device design and after major process and/or design changes. 
3. DBP-Data Bit Period, Clock Rate = 16X, one DBP = 16 Clock Cycles; Clock Rate = 32X, one DBP = 32 Clock Cycles. 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD SUBGROUPS 


ewe COCO 
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Burn-In Circuits 
HD-6409/883 CERDIP HD-6409/883 CLCC 


Ri 


vcc NV 7 20) Vcc 
GND —Wv—| 2! 19 A 
es R41 E Le R1 a ae 
GND | 4 17 GND A 
" Ru 16 R1 - A 
A | 6] 15) ( GND 
A 14 GND A 
A = 8 13} =F A A 
vcc 9) 12} FO 
10 11] A 
\/ 
9 < ee < 
> 
vcc vcc 
R1 R1 
A A 
R1 R1 


NOTES: 
1. VCC =5.5V +0.5V 


2. VIH =4.5V+10% 

3. VIL =-0.2V to 0.4V 
4.R1 =47kQ+5% 

5. FO =100kHz +10% 
6. F4 =FO0/16 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
88 x 78 x 19 +1mils Type: SI3N4 e SiOX 
Thickness: 10kA +2kA 
METALLIZATION: 
Type: Silicon - Aluminum WORST CASE CURRENT DENSITY: 
Thickness: Metal 1: 8kA +1kA 0.8 x 10° A/cm? 


Metal 2: 16kA +1kA 


Metallization Mask Layout 
HD-6409/883 


SD/CDS 
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SDO SS 
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Features 

¢ Support of MIL-STD-1553 

© OA AS ciccivcncadvisidannaeaanen anes 1.25 MBit/s 
e Sync Identification and Lock-In 

¢ Clock Recovery 

e¢ Manchester Il Encode, Decode 

¢ Separate Encode and Decode 


¢ Low Operating Power ................. 50mW at 5V 
Ordering Information 


| PACKAGE | TEMP. RANGE | 1.25 MEGABIT/s | PKG. NO. | 
CERDIP -40°C to +85°C | HD1-15530-9 F24.6 


-55°C to +125°C | HD1-15530-8 
SMD# 7802901JA 
CLCC -40°C to +85°C + | HD4-15530-9 J28.A 
SMD# 


-55°C to +125°C | HD4-15530-8 
78029013A 
PDIP -40°C to +85°C | HD3-15530-9 E24.6 


Pinouts 


HD-15530 (CERDIP, PDIP) 
TOP VIEW 


24] Voc 


VALID WORD | 1 | 


Leo El [23] ENCODER CLK 
TAKE DATA [3 SEND CLK IN 
SERIAL DATA OUT [4] 21] SEND DATA 


DECODER CLK | 5| 20] SYNC SELECT 
BIPOLAR ZERO IN | 6 | 119} ENCODER ENABLE 
BIPOLAR ONE IN 18] SERIAL DATA IN 
UNIPOLAR DATA IN | 8 | BIPOLAR ONE OUT 


DECODER SHIFT CLK | 9} 16} OUTPUT INHIBIT 
COMMAND/ 0 5 BIPOLAR 
DATA SYNC ZERO OUT 


DECODER RESET [11| 14] + 6 OUT 
GND [12] 13] MASTER RESET 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HD-15530 


CMOS Manchester Encoder-Decoder 


Description 


The Harris HD-15530 is a high performance CMOS device 
intended to service the requirements of MIL-STD-1553 and 
similar Manchester Il encoded, time division multiplexed 
serial data protocols. This LSI chip is divided into two 
sections, an Encoder and a Decoder. These sections 
operate completely independent of each other, except for the 
Master Reset functions. 


This circuit meets many of the requirements of MIL-STD- 
1553. The Encoder produces the sync pulse and the parity 
bit as well as the encoding of the data bits. The Decoder 
recognizes the sync pulse and identifies it as well as decod- 
ing the data bits and checking parity. 


This integrated circuit is fully guaranteed to support the 
1MHz data rate of MIL-STD-1553 over both temperature and 
voltage. It interfaces with CMOS, TTL or N channel support 
Circuitry, and uses a standard 5V supply. 


The HD-15530 can also be used in many party line digital 
data communications applications, such as an environmen- 
tal control system driven from a single twisted pair cable of 
fiber optic cable throughout the building. 


HD-15530 (CLCC) 


TOP VIEW 
< “ 
5 & Ga fi 
+10 a al Q z 
Saw fol ry ao oO a= 
Se ~* Stdo 8 244% 
nO F WH >S > WONO 
14113 27 
DECODER — = 
CLK 
NC 
NC 
BIPOLAR 
ZERO IN 
BIPOLAR 
ONE IN 
UNIPOLAR 
DATA IN 
DECODER 
SHIFT CLK 


pay 
1 


12! 


S2 uh 2 ob 5 eb Ba 
$0 ow Sr © Yo ES 
six 0 | {lee = 
ola W = nj 
ola IN 
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Block Diagrams 
ENCODER DECODER 
GND Vv 
Le Rp ————<24  unipotarn. 8 3 
43 MASTER RESET DATA IN Lrg 


TRANSITION 


LK IN BIPOLAR CHARACTER 
era —— 16 ONE IN FINDER IDENTIFIER |. 
BIPOLAR COMMAND/ 
14 CHARACTER ONE OUT ptiyt DATA SYNC 
FORMER IPOLAR 4. SERIAL 
ZERO OUT DATA OUT 
DECODER VALID 
23 CLK WORD 
RESET IFT 
SYNC CLK 
SELECT DECODER 
DATA| ENCODER RESET 
ENABLE 


ENCODER 
SHIFT CLK 


Pin Description 


PIN 
NUMBER | TYPE ame SECTION DESCRIPTION 
VALID WORD Decoder | Output high indicates receipt of a valid word, (valid parity and no Manches- 
ter errors). 
ENCODER SHIFT Encoder | Output for shifting data into the Encoder. The Encoder samples SDI on the 
CLOCK low-to-high transition of Encoder Shift Clock. 
3 TAKE DATA Decoder | Output is high during receipt of data after identification of a sync pulse and 
two valid Manchester data bits. 
pF 4 | OO SERIAL DATA OUT Delivers received data in correct NRZ format. 


DECODER CLOCK Decoder | Input drives the transition finder, and the synchronizer which in turn 
supplies the clock to the balance of the decoder, input a frequency equal to 


A high input should be applied when the bus is in its negative state. This pin 
must be held high when the Unipolar input is used. 


A high input should be applied when the bus is in its positive state. This pin 
must be held low when the Unipolar input is used. 


12X the data rate. 
UNLPOLAR DATA IN Decoder | With pin 6 high and pin 7 low, this pin enters unipolar data into the transition 
finder circuit. If not used this input must be held low. 
DECODER SHIFT Decoder | Output which delivers a frequency (DECODER CLOCK + 12), synchro- 
CLOCK nized by the recovered serial data stream. 
10 COMMAND SYNC Decoder | Output of a high from this pin occurs during output of decoded data which 
was preceded by a Command (or Status) synchronizing character. A low 
output indicates a Data synchronizing character. 
11 DECODER RESET Decoder | A high input to this pin during a rising edge of DECODER SHIFT CLOCK 
resets the decoder bit counting logic to a condition ready for a new word. 
MASTER RESET Both A high on this pin clears 2:1 counters in both Encoder and Decoder, and 

resets the + 6 circuit. 
+ 6 OUT Output from 6:1 divider which is driven by the ENCODER CLOCK. 
BIPOLAR ZERO OUT Encoder | An active low output designed to drive the zero or negative sense of a 

bipolar line driver. 

A low on this pin forces pin 15 and 17 high, the inactive states. 
Encoder | An active low output designed to drive the one or positive sense of a bipolar 
line driver. 
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HD-15530 


Pin Description (Continued) 


| = Input O = Output 


Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by divid- 
ing the DECODER CLOCK. 


The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK Q). 
This cycle lasts for one word length or twenty ENCODER 
SHIFT CLOCK periods. At the next low-to-high transition of 
the ENCODER SHIFT CLOCK, a high SYNC SELECT input 
actuates a command sync or a low will produce a data sync 
for the word @). When the Encoder is ready to accept data, 
the SEND DATA output will go high and remain high for six- 
teen ENCODER SHIFT CLOCK periods @). During these 
sixteen periods the data should be clocked into the SERIAL 
DATA input with every high-to-low transition of the 


TIMING 


SEND CLK 


ENCODER 
SHIFT CLK 


ENCODER 
ENABLE 


SYNC SELECT 


SEND DATA 


PIN 
NUMBER | TYPE wae SECTION DESCRIPTION 
18 SERIAL DATA IN Encoder | Accepts a serial data stream at a data rate equal to ENCODER SHIFT 
CLOCK. 
19 ENCODER ENABLE Encoder | A high on this pin initiates the encode cycle. (Subject to the preceeding 
cycle being complete.) 


SYNC SELECT Encoder | Actuates a Command sync for an input high and Data sync for an input low. 
SEND DATA An active high output which enables the external source of serial data. 


eae 
aes 
22 SEND CLOCK IN Encoder | Clock input at a frequency equal to the data rate X2, usually driven by + 6 
output. 
23 ENCODER CLOCK Encoder | Input to the 6:1 divider, a frequency equal to the data rate X12 is usually 
input here. 
24 Voc Both Vcc is the +5V power supply pin. A 0.1p,F decoupling capacitor from Voc 
(pin 24) to GROUND (pin 12) is recommended. 


bof tf2tste{stel7] 


ENCODER SHIFT CLOCK so it can be sampled on the low- 
to-high transition @) - @). After the sync and Manchester II 
coded data are transmitted through the BIPOLAR ONE and 
BIPOLAR ZERO outputs, the Encoder adds on an additional 
bit which is the parity for that word G). If ENCODER 
ENABLE is held high continuously, consecutive words will be 
encoded without an interframe gap. ENCODER ENABLE 
must go low by time () as shown to prevent a consecutive 
word from being encoded. At any time a low on OUTPUT 
INHIBIT input will force both bipolar outputs to a high state 
but will not affect the Encoder in any other way. 


To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Anytime after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 


| 15 | 16 | 17 | 18 | 19 | | | 


AS DONT. CARE NNN SSS 


AA IVALIDINS NS DON'T. CARE NNN NNN SSS 
LUE pupepi ye 


FIGURE 1. 
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Decoder Operation 


The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DECODER 
CLOCK input. The Manchester Il coded data can be 
presented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified in 
Military Spec 1553. The UNIPOLAR DATA input can only 
accept non-inverted Manchester II coded data. (e.g. from 
BIPOLAR ONE OUT of an Encoder through an inverter to 
Unipolar Data Input). 


The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized Q), the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character was a 
command sync, this output will go high Q) and remain high 
for sixteen DECODER SHIFT CLOCK periods (3), otherwise 
it will remain low. The TAKE DATA output will go high and 
remain high Q) - @) while the Decoder is transmitting the 
decoded data through SERIAL DATA OUT. The decoded 


TIMING | 


DECODER 
SHIFT CLK 


BIPOLAR 
ONE IN 


BIPOLAR 
ZERO IN 


TAKE DATA 


COMMAND/ --. 


PoP tT ep epe pel ele | ey 


data available at SERIAL DATA OUT is in NRZ format. The 
DECODER SHIFT CLOCK is provided so that the decoded 
bits can be shifted into an external register on every low-to- 
high transition of this clock @) - @). Note that DECODER 
SHIFT CLOCK may adjust its phase up until the time that 
TAKE DATA goes high. 


After all sixteen decoded bits have been transmitted @) the 
data is checked for odd parity. A high on VALID WORD 
output (4) indicates a successful reception of a word without 
any Manchester or parity errors. At this time the Decoder is 
looking for a new sync character to start another output 
sequence. VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid sync and two valid Manchester 
bits as shown (4). 


At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini- 
tialize the Decoder to start looking for a new sync character. 


| 16 | 17 | 18 | 19 | | | | 


SERIAL 
DATA OUT ANAX\\AUNDEFINEDNANA ANAL 18 14 13 2 te 
VALID WORD \(FROM PREVIOUS RECEPTION) \Y 


O 
© 


Y @ 


FIGURE 2. 
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How to Make Our MTU Look Like a Manchester Encoded UART 
VALID WORD es 


BIPOLAR 
ZERO IN 


BIPOLAR 
ONE IN 


UNIPOLAR 
DATA IN 


COMMAND 


a a a ee ee ee 
at 
~ 
aa 
x 


DECODER 
RESET 


- m 
Oo 
] J f 
ar 
= 


zg 

V * 

7 fro | 

AB CKHIA B_ CK Oy SH/LD CK SIJOy SH/LD CK 

74LS164 ‘i 74LS164 + 74165 bil 74165 f 
PARALLEL OUT PARALLEL IN 


FIGURE 3. 


Typical Timing Diagrams for a Manchester Encoded UART 


VALID VALID 
ENCODER ENABLE 


dl amen ot. 1 mZ 
PARALLELIN OA VAL LL LLL LLL LLL LLLiL LLL LL LelililleleLLeLLEN« 
BIPOLAR ONE OUT . T : , Lf 
BIPOLAR ZERO OUT Prec 
SYNC MSB LSB PARITY 
FIGURE 4. ENCODER TIMING 


SYNC MSB LSB PARITY 
BIPOLAR ONE IN m = oad oa Tes ~i r 
BIPOLAR ZERO IN I r | 
COMMAND SYNC 
PARALLEL OUT VALID VALID 
VALID WORD FROM 
PREVIOUS 
RECEPTION 


FIGURE 5. DECODER TIMING 
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MIL-STD- 1553 


The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. 


The HD-15530 supports the full bipolar configuration, 
assuming a bus driver configuration similar to that in Figure 
1. Bipolar inputs from the bus, like Figure 2, are also accom- 
modated. 


The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command 


BUS 
ba iad e 
e 
Cd 
FIGURE 6. SIMPLIFIED MIL-STD-1553 DRIVER 


COMMAND 
SYNC 


ee | ae: | ee 
PERIOD PERIOD 


=< BIT _» 
PERIOD 


LOGICAL ONE DATA . — — 


LOGICAL ZERO DATA - == 


FIGURE 8. MIL-STD-1553 CHARACTER FORMATS 


Words. Terminals respond with Status Words. Each word is 
preceded by a synchronizing pulse, and followed by parity 
bit, occupying a total of 20s. The word formats are shown in 
Figure 4. The special abbreviations are as follows: 


r Parity, which is defined to be odd, taken across all 17 
bits. 


R/T Receive on logical zero, transmit on ONE. 
ME Message Error if logical 1. 


TP Terminal Flat, if set, calls for controller to request 
self-test data. 


The paragraphs above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe its 
bus requirements, timing or protocols. 


ba | ” 


“1” REF 
“0” REF 


“0” 


BUS 
FIGURE 7. SIMPLIFIED MIL-STD-1553 RECEIVER 


O23 04 E516 U7 8 fo opi pi2hishiahishiehi7iishia | 


COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


= 

me LE (i eS 
SYNC TERMINAL SUB ADDRESS | DATAWORD | » 
ADDRESS /MODE COUNT 


DATA WORD (SENT EITHER DIRECTION) 


SYNC | 


CONTROL WORD | e | 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


TERMINAL 
SYNC | ADDRESS | | CODE FOR FAILURE MODES [re | P | 
ME 


FIGURE 9. MIL-STD-1553 WORD FORMATS 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HD-15530. 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage... . 0... ccc cee eee eee eee ees +7.0V Thermal Resistance (Typical) Bya (CCIW) Bjc (CCW) 
Input, Output or I/O Voltage ............ GND-0.3V to Voc +0.3V CERDIP Package ................ 55 12 
ESD CIOSSHIOSEON 6 ac cain vs oh es ad eswhiendeawevdusns Class 1 CLCC Package ..............004. 65 14 
Plastic DIP PaCKAGG <6 s0.c sien gow 60 N/A 
Operating Conditions Maximum Junction Temperature 
j ie) 
Supply Voltage .......scecccceececcssseeeees +4.5V to +5.5V Ceramic | ee ee ee ne +1 ti 
Temperature Range (Ta) PIOUS PACKOOD 6 ons 06 bsla seed boii eeowe ¥SeR ebaw He 150°C 
HD-15530-9 -40°C to +85°C “Maximum Storage Temperature Range ......... -65°C to +150°C 
Pa HET OE EHS SOS WE we ROO ee we F : re) 
HD-15530-8 ............- ee eee eee eee -55°C to +125°C ‘Maximum Lead Temperature (Soldering 10s)............ +300°C 
Encoder/Decoder Clock Rise Time ................26. 8ns Max : as 
Encoder/Decoder Clock Fall Time ................005 8ns Max Die Characteristics 
Sync Transition Span (TD2).............-. 18 TDC Typ (Note 1) Gate Count ....... 0... cece cece cece ene ees 456 Gates 
Short Data Transition Span (TD4) ........... 6 TDC Typ (Note 1) 
Long Data Transition Span (TD5)........... 12 TDC Typ (Note 1) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = 5V +10%, Ta = -40°C to +85°C (HD-15530-9) 
Ta = -55°C to +125°C (HD-15530-8) 


LIMITS 
PARAMETER SYMBOL ) MIN | MAX | TEST CONDITIONS 


fmanonvome [ww ere | — [ecrewewew 
fencovceavone [vec | - [eres[iecrenrewsar 
fenoronaome [ve [rooss] — [vecewecs |v 
Semrsewvome [eee | | * [varversovomom | m_ 
a O ( 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 
2. Interchanging of force and sense conditions is permitted. 
3. Tested as follows: = f = 15MHz, Vip = 70% Voc, Vi_ = 20% Voc, Cy = 50pF, Voy 2 1.5V and Vo, < 1.5V. 


+ 


Capacitance Ty, = +25°C; Frequency = 1MHz 


SYMBOL PARAMETER TYPICAL UNITS CONDITIONS 
Input Capacitance All measurements are referenced to device GND 
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AC Electrical Specifications Voc = 5V +10%, Ty = -40°C to +85°C (HD-15530-9) 
Ta = -55°C to +125°C (HD-15530-8) 


—_ LIMITS 
PARAMETER SYMBOL TEST CONDITIONS ) MIN =] MAX UNITS 


ENCODER TIMING 


Encoder Clock Frequency FEC Vcc = 4.5V and 5.5V, C, = 50pF | 15 MHz 
Send Clock Frequency FESC Vcc = 4.5V and 5.5V, Cy = 50pF ae 2.5 MHz 
Encoder Data Rate FED Voc = 4.5V and 5.5V, C, = 50pF Led MHz 


Master Reset Pulse Width TMR Vcc = 4.5V and 5.5V, C, = 50pF 150 
Shift Clock Delay TEI Voc = 4.5V and 5.5V, C, = 50pF 
Serial Data Setup TE2 Voc = 4.5V and 5.5V, C, = 50pF 
Serial Data Hold TES Vcc = 4.5V and 5.5V, C, = 50pF 
Enable Setup TE4 Vcc = 4.5V and 5.5V, C, = 50pF 
Enable Pulse Width TES Voc = 4.5V and 5.5V, Cy = 50pF 
TES Vcc = 4.5V and 5.5V, C, = 50pF 
TE? Voc = 4.5V and 5.5V, C, = 50pF 


N 
on 


Sync Setup 

Sync Pulse Width 
Send Data Delay TE8 Voc = 4.5V and 5.5V, C, = 50pF 
Bipolar Output Delay TE9 Voc = 4.5V and 5.5V, C, = 50pF 
Enable Hold TE10 Voc = 4.5V and 5.5V, Ci = 50pF 
Sync Hold TE11 Voc = 4.5V and 5.5V, C, = 50pF 
DECODER TIMING 

Decoder Clock Frequency FDC Voc = 4.5V and 5.5V, Cy = 50pF 
Decoder Data Rate FDD Vec = 4.5V and 5.5V, C, = 50pF 
Decoder Reset Pulse Width TDR Voc = 4.5V and 5.5V, C, = 50pF 150 
TDRS Voc = 4.5V and 5.5V, C, = 50pF 


— 


5 


Oo 


™M 

1o4) 
—s 
N 
o 


130 


oO 


MHz 
MHz 


= 
N 
uo 


N 
oi 


Decoder Reset Setup Time 


Valid Word Delay TD11 110 


NOTES: 
1. TDC = Decoder clock period = 1/FDC 


2. AC Testing as follows: Input levels: Vi} = 70% Voc, Vi_ = 20% Vcc; Input rise/fall times driven at 1ns/V; Timing Reference levels: 1.5V; 
Output load: Cy = 5OpF. 


Voc = 4.5V and 5.5V, C; = 50pF 
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Timing Waveforms 


SEND CLOCK 


ENCODER SHIFT CLOCK 


SERIAL DATA IN 


SEND CLOCK 


ENCODER SHIFT CLOCK 


ENCODER ENABLE 


SYNC SELECT 


ENCODER SHIFT CLOCK 


SEND DATA 


SEND CLOCK 


BIPOLAR ONE OUT OR 
BIPOLAR ZERO OUT 


DECODER SHIFT CLOCK 


COMMAND/DATA SYNC 


TAKE DATA 


DECODER SHIFT CLOCK 


SERIAL DATA OUT 


DECODER SHIFT CLOCK 


COMMAND/DATA SYNC 


TAKE DATA 


VALID WORD 


DECODER SHIFT CLOCK 


DECODER RESET 


at eee CCL 


| j=e— Tey 


eee 


TE2 =| TE3 


CLD ED <7) 


= 2 Se eg | eee 


OE > 


FIGURE 10. ENCODER TIMING 


D8 _»| |j=— 


DATA BIT 


Tors >| 


—=| <— Torn 
FIGURE 11. DECODER TIMING 
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Timing Waveforms (continued) 


NOTE: UNIPOLAR IN = 0, FOR NEXT DIAGRAMS. 
}~<—— BIT PERIOD ———»>|<—_ BIT PERIOD ———_»>|«_ BIT PERIOD ol 


BIPOLAR ONE IN Toe 
Tot ~— 
BIPOLAR ZERO IN| tps 
Tp1 ~—<— 
~| To2 ——_—_—__—__———| |=<—T 
COMMAND SYNC | as | | aia 
BIPOLAR ONE IN 
Toi — —e 
BIPOLAR ZERO IN mea | To 
Toi — | : 
Tp2 
DATA SYNC 
—s; TDi —< —~ "Di ~< 
BIPOLAR ONE IN 


|=t—Tp3 | |=—Ip3 = |<<—Tp3 >| |=—Ip3 | |<-Tp3 
BIPOLAR ZERO IN | 


—ee 'DA ~—<—— | | —R| Tp1 —<—— 
<= Tp4 | = Tp5 os Seeeeeee | ————e 


ONE | ZERO | ONE 


NOTE: BIPOLAR ONE IN = 0; BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS. 
| 


| | 
————_—_—_—_—_——_—_———- Tp2 


| COMMAND SYNC | | | 


OS 


DATASYNC | 


| ONE | ZERO | ONE | ONE 


FIGURE 12. DECODER TIMING 


Test Load Circuit AC Testing Input, Output Waveform 


INPUT OUTPUT 


DUT Vin Vou 
| 50% 50% 
CL9 


(NOTE) ih ViL VoL 


AC Testing: All input signals must switch between Vj, and Vj}. Input 
NOTE: Includes stray and jig capacitance. rise and fall times are driven at 1ns per volt. 
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Burn-In Circuits 
HD1-15530 CERDIP 


> > PP YP 


=] 
_ 


@) 
= 
o 

= 
Dora 
Si 


Pe) 
= 


i ies ee ce B/S , 


A 1G a Vcc 
‘—aT a 
ono — a HE BO wll 


HD4-15530 CLCC 


Vec 
GND GND GND GND 


oO 
ab 
al 
i=) 


R22R2SR2SR2 


i iS] 
44 
bs) 
iS) 


7 
FO ' 
=i 
NC 124 
Ries 
i e zg 
oa 
122 
Le 
on 
12 
Le 
7 = 
GND 


LL 
GND 


PR r=3 F=4 a °F r - 


112! 1131 1141 1151 1161 1171 1181 
sae 


R2 
GND GND GND GND 


NOTES: 

. Voc = 5.5V + 0.5V 

. Vin = 4.5V + 10% 

. Vip = -0.2V +0.4V 

. R1 =47KQO+5% 
R2 = 1.8BKQ+ 5% 

. FO = 100KHz + 10% 
. C1 =0.01pF Min. 
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GND 
NC 
NC 
GND 
Vec 
GND 


Voc 


Ri 


GND 


ENCODER CLK 


+1kA 


WORST CASE CURRENT DENSITY: 


GLASSIVATION: 
Type: SiOo 
Thickness: 8kA 
1.8 x 10° A/em? 


HD-15530 
Vec 


HD-15530 


VALID 
WORD 


ENCODER 
SHIFT CLK 


kA +2kA 


155 x 195 x 19mils 
Thickness: 11 


Type: Si-Al 
Metallization Mask Layout 


Die Characteristics 


DIE DIMENSIONS: 
METALLIZATION: 
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TAKE DATA 
SERIAL DATA OUT Ei 
BIPOLAR ZERO IN 

BIPOLAR ONE IN 
UNIPOLAR DATA IN | 
DECODER SHIFT CLK BB 
COMMAND/DATA SYNC 


+6 OUT 


GND MASTER 
RESET 
5-153 


DECODER 
RESET 


@ HARS HD-15531 


March 1997 CMOS Manchester Encoder-Decoder 

Features Description 

e Support of MIL-STD-1553 The Harris HD-15531 is a high perforrnance CMOS device 

intended to service the requirements of MIL-STD-1553 and 

= Data Rate (1S591B) oss eereereeens 2.5 Megabit/Sec similar Manchester II encoded, time division multiplexed 

© Data Rate (15531)... 0. .cccsuwnsnes 1.25 Megabit/Sec _ serial data protocols. This LSI chip is divided into two sec- 

; : tions, an Encoder and a Decoder. These sections operate 

* Variable Frame Length to 32 Bits independently of each other, except for the master reset and 

e Sync Identification and Lock-In word length functions. This circuit provides many of the 

requirements of MIL-STD-1553. The Encoder produces the 

* Separate Manchester Il Encode, Decode sync pulse and the parity bit as well as the encoding of the 

¢ Low Operating Power ..............5-- 50mW at 5V___ data bits. The Decoder recognizes the sync pulse and identi- 


fies it as well as decoding the data bits and checking parity. 


Ordering Information The HD-15531 also surpasses the requirements of MIL- 


STD-1553 by allowing the word length to be programmable 
1.25MBIT 2.5MBIT 
TEMP. RANGE ISEC ISEC 


(from 2 to 28 data bits). A frame consists of three bits for 

sync followed by the data word (2 to 28 data bits) followed by 

one bit of parity, thus, the frame length will vary from 6 to 32 
aod Kecicead MER calennl acl 


bit periods. This chip also allows selection of either even or 
odd parity for the Encoder and Decoder separately. 
DESC -55°C to +125°C |5962- F40.6 
(CERDIP) 9054901MQA 
-55°C to +125°C |5962- HD1-15531B |F40.6 
9054902MQA 


This integrated circuit is fully guaranteed to support the 
1MHz data rate of MIL-STD-1553 over both temperature and 
voltage. For high speed applications the 15531B will support 
a 2.5 Megabit/sec data rate. 


The HD-15531 can also be used in many party line digital 
data communications applications, such as a local area net- 
work or an environmental control system driven from a sin- 
gle twisted pair of fiber optic cable throughout a building. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2961 1 
Copyright © Harris Corporation 1997 5-154 
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Pinout 
HD-15531 (CERDIP, PDIP) 
TOP VIEW 
Vec | 1| COUNT C, 
VALID WORD | 2 | [39] COUNT C, 
TAKE DATA’ 38] DATA SYNC 
TAKE DATA | 4 | ENCODER CLK 
SERIAL DATA OUT | 5 | [36] COUNT C3 
SYNCHR DATA | 6 | 35] NC 
SYNCHR DATA SEL ENCODER SHIFT CLK 
SYNCHR CLK | 8 | '33] SEND CLK IN 
DECODER CLK | 9 | 32] SEND DATA 
SYNCHR CLK SEL |10| 131] ENCODER PARITY SEL 
BIPOLAR ZERO IN [11 SYNC SEL 
BIPOLAR ONE IN [12] 29] ENCODER ENABLE 
UNIPOLAR DATA IN |13) SERIAL DATA IN 
DECODER SHIFT CLK |14 BIPOLAR ONE OUT 
TRANSITION SEL |15| 26] OUTPUT INHIBIT 
NC 16) BIPOLAR ZERO OUT 
COMMAND SYNC |17| 24] +6 OUT 
DECODER PARITY SEL |18| COUNT C2 
DECODER RESET |19) [22] MASTER RESET 
COUNT Cp [20] 21] GND 
Block Diagrams 
ENDODER 
21 5 GND Vec 
a MASTER RESET 
SEND CLK IN = INHIBIT 
33 26 
+ 6 OUT 
i oi. 27, BIPOLAR 
CHARACTER ONE OUT 
FORMER 
25 BIPOLAR 
ENCODER ZERO OUT 


CLK 
BIT 
COUNTER 
32 


20} 40 | 23 | 36 | 39 SEND SERIAL SYNC 
fers om DATAIN | SELECT 


34 28 29 30; 31 


ENCODER ENCODER ENCODER 
SHIFT ENABLE PARITY 
CLK SELECT 
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DECODER 
SYNCHRONOUS . 7 8 , SYNCHRONOUS 
DATA SELECT DATA 
UNIPOLAR 
DATA IN TAKE DATA 
BIPOLAR TRANSITION CHARACTER 
ONE IN FINDER IDENTIFIER COMMAND SYNC 
BIPOLAR 
RE IN DATA SYNC 
5 | SERIAL 
DATA OUT 


9 
nee CLOCK nate PARITY VALID WORD 
15 SYNCHRONIZER ae RATE CHECK 16 PARITY 
oi REET cl eid = 


SYNCHRONOUS ._ 8 


CLK DECODER 
SYNCHRONOUS . 10 SHIFT CLK 
CLK SELECT 
MASTER  . 22 
RESET 


DECODER . 19 BIT 3 . 
RESET COUNTER TAKE DATA 
20] 40 | 23 | 36 | 39 
Co Cy Co Cg Cy 


Pin Description 


PIN 
NUMBER | TYPE | awe | SECTION DESCRIPTION 
Vcc Positive supply pin. A 0.1p,F decoupling capacitor from Voc (pin 1) to GROUND 
(pin 21) is recommended. 

VALID WORD Decoder ie high indicates receipt of a valid word, (valid parity and no Manchester 
errors). 

TAKE DATA’ Decoder | Acontinuous, free running signal provided for host timing or data handling. 
When data is present on the bus, this signal will be synchronized to the incoming 
data and will be identical to TAKE DATA. 

TAKE DATA Decoder | Output is high during receipt of data after identification of a valid sync pulse and 
two valid Manchester bits. 

p58 | 0 SERIAL DATA OUT Delivers received data in correct NRZ format. 

SYNCHRONOUS Decoder | Input presents Manchester data directly to character identification logic. 

DATA SYNCHRONOUS DATA SELECT must be held high to use this input. If not 
used, this pin must be held high. 

7 SYNCHRONOUS Decoder | In high state allows the synchronous data to enter the character identification 

DATA SELECT logic. Tie this input low for asynchronous data. 

SYNCHRONOUS Decoder | Input provides externally synchronized clock to the decoder, for use when re- 

CLOCK ceiving synchronous data. This input must be tied high when not in use. 

DECODER CLOCK Decoder | Input drives the transition finder, and the synchronizer which in turn supplies the 
clock to the balance of the decoder. Input a frequency equal to 12X the data rate. 

SYNCHRONOUS Decoder | In high state directs the SYNCHRONOUS CLOCK to control the decoder char- 

CLOCK SELCT acter identification logic. A low state selects the DECODER CLOCK. 

11 BIPOLAR ZERO IN Decoder | Ahighinput should be applied when the bus is in its negative state. This pin must 

be held high when the unipolar input is used. 

BIPOLAR ONE IN Decoder | Ahigh input should be applied when the bus is in its positive state. This pin must 
he held low when the unipolar input is used. 


With pin 11 high and pin 12 low, this pin enters unipolar cata into the transition 
finder circuit. If not used this input must be held low. 
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Pin Description (continued) 


PIN 
NUMBER | TYPE wae | SECTION DESCRIPTION 
14 DECODER SHIFT Decoder | Output which delivers a frequency (DECODER CLOCK + 1 2), synchronous by 
CLOCK the recovered serial data stream. 
a TRANSITION SE- Decoder | Ahigh input to this pin causes the transition finder to synchronize on every tran- 
LECT 


sition of input data. A low input causes the transition finder to synchronize only 
on mid-bit transitions. 
17 COMMAND SYNC Decoder | Output of a high from this pin occurs during output of decoded data which was 
preceded by a Command (or Status) synchronizing character. 
aA DECODER PARITY Decoder | An input for parity sense, calling for even parity with input high and odd parity 
SELECT 


18 
with input low. 
19 DECODER RESET Decoder 


A high input to this pin during a rising edge of DECODER SHIFT CLOCK resets 


the decoder bit counting logic to a condition ready for a new word. 


.?) 


+ 

oO 
O 
Cc 
=f 


OUNT CO Both 


th 
oO 


One of five binary inputs which establish the total bit count to be encoded or de- 
coded. 


GROUND 
MASTER RESET 


Both 


ine) 
et 


Supply pin. 


A high on this pin clears 2:1 counters in both encoder and decoder, and resets 
the + 6 Circuit. 


Both 


COUNT C2 Both 


nN 
w 


See pin 20. 
Encoder 


BIPOLAR ZER Encoder 
OUT 


Output from 6:1 divider which is driven by the ENCODER CLOCK. 


N 
)) 


An active low output designed to drive the zero or negative sense of a bipolar 
line driver. 


UTPUT INHIBIT Encoder 


O 


A low on this pin forces pin 25 and 27 high, the inactive states. 


IPOLAR ONE OUT | Encoder 


ine) 
~S 
w 


An active low output designed to drive the one or positive sense of a bipolar line 
driver. 


SERIAL DATA IN 
ENCODER ENABLE 


Encoder | Accepts a serial data stream at a data rate equal to ENCODER SHIFT CLOCK. 


Encoder | Ahigh on this pin initiates the encode cycle. (Subject to the preceding cycle be- 


ing complete). 
SYNC SELECT 


ENCODER PARITY 
SELECT 


SEND DATA 
SEND CLOCK IN 


Encoder 


Ww 
o 


Actuates a Command sync for an input high and Data sync for an input low. 


Encoder 


Ww 


Sets transmit parity odd for a high input, even for a low input. 


Encoder 


Encoder 


ie) 
Ne) 


Is an active high output which enables the external source of serial data. 


Clock input at a frequency equal to the data rate X2, usually driven by + 6 output. 


oO 
- 


ENCODER SHIFT Encoder | Output for shifting data into the Encoder. The Encoder samples SDI pin-28 on 
CLOCK the low-to-high transition of ESC. 


Not connected. 
COUNT C3 
ENCODER CLOCK 


Both 


o>) 
o>) 


See pin 20. 


Encoder | Input to the 6:1 divider, a frequency equal to 12 times the data rate is usually 


input here. 


DATA SYNC Decoder 


Ww 
foe) 


Output of a high from this pin occurs during output of decoded data which was 
preceded by a data synchronizing character. 


COUNT C4 See pin 20. 


COUNT C1 Both See pill 20. 


z 
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Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by divid- 
ing the DECODER CLOCK. The frame length is set by pro- 
gramming the COUNT inputs. Parity is selected by 
programming ENCODER PARITY SELECT high for odd par- 
ity or low for even parity. 


The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK GQ). 
This cycle lasts for one word length or K + 4 ENCODER 
SHIFT CLOCK periods, where K is the number of bits to be 
sent. At the next low-to-high transition of the ENCODER 
SHIFT CLOCK, a high SYNC SELECT input actuates a 
Command sync or a low will produce a Data sync for the 
word (2). When the Encoder is ready to accept data, the 
SEND DATA output will go high for K ENCODER SHIFT 
CLOCK periods @). During these K periods the data should 


TIMING | 


ENCODER 


be clocked into the SERIAL DATA input with every high-to- 
low transition of the ENCODER SHIFT CLOCK @) - @) so it 
can be sampled on the low-to-high transition. After the sync 
and Manchester II encoded data are transmitted through the 
BIPOLAR ONE and BIPOLAR ZERO outputs, the Encoder 
adds on an additional bit with the parity for that word ©). If 
ENCODER ENABLE is held high continuously, consecutive 
words will be encoded without an interframe gap. 
ENCODER ENABLE must go low by time © (as shown) to 
prevent a consecutive word from being encoded. At any time 
a low on OUTPUT INHIBIT input will force both bipolar out- 
puts to a high state but will not affect the Encoder in any 
other way. 


To abort the Encoder transmission, a positive pulse must be 
applied at MASTER RESET. Any time after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 


hana 


| na [ns | N-2[ na] on | | | 


SHIFT CLOCK 


ENCODER 
ENABLE 


SYNC 
SELECT 


SEND 
DATA 


SERIAL 
DATA IN 


BIPOLAR 
ONE OUT 


BIPOLAR 
ZERO OUT 


MMMASSSSSSMMMMM MMA 
MIN ALM ESESSULILMLLL A TOLLE 
ee aa, a ae 
LLL Se prepregs ere] or) era] ons VL 


cee t 


BIT 4 | BIT3 | BIT 2 | BIT 1 |PARITY 
Cee 
BIT 4 | BIT3 | BIT 2 | BIT 1 |IPARITY 


@© 


FIGURE 1. ENCODER 


Decoder Operation 


To operate the Decoder asynchronously requires a single 
clock with a frequency of 12 times the desired data rate 
applied at the DECODER CLOCK input. To operate the 
Decoder synchronously requires a SYNCHRONOUS 
CLOCK at a frequency 2 times the data rate which is syn- 
chronized with the data at every high-to-low transition 
applied to the SYNCHRONOUS CLK input. The Manchester 
ll coded data can be presented to the Decoder asynchro- 
nously in one of two ways. The BIPOLAR ONE and 
BIPOLAR ZERO inputs will accept data from a comparator 
sensed transformer coupled bus as specified in Military 
Spec 1553. The UNIPOLAR DATA input can only accept 
noninverted Manchester II coded data. (e.g., from BIPOLAR 


ONE OUT on an Encoder through an inverter to Unipolar 
Data Input). 


The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
Manchester data bits to start an output cycle. When a valid 
sync is recognized Q), the type of sync is indicated by a high 
level at either COMMAND SYNC or DATA SYNC output. If 
the sync character was a command sync the COMMAND 
SYNC output will go high (2) and remain high for K SHIFT 
CLOCK periods ©), where K is the number of bits to be 
received. If the sync character was a data sync, the DATA 
SYNC output will go high. The TAKE DATA output will go 
high and remain high (2) - @) while the Decoder is transmit- 


5-158 


HD-15531 


ting the decoded data through SERIAL DATA OUT. The 
decoded data available at SERIAL DATA OUT is in NRZ 
format. The DECODER SHIFT CLOCK is provided so that 
the decoded bits can get shifted into an external register on 
every low-to-high transition of this clock @) - @). Note that 
DECODER SHIFT CLOCK may adjust its phase up until the 
time that TAKE DATA goes high. 


After all K decoded bits have been transmitted @) the data is 
checked for parity. A high input on DECODER PARITY 
SELECT will set the Decoder to check for even parity or a 
low input will set the Decoder to check for odd parity. A high 


TIMING | | 0 


Jr [2] 3 


}¢]s]el]7|e | 


on VALID WORD output ® indicates a successful reception 
of a word without any Manchester or parity errors. At this 
time the Decoder is looking for a new sync character to start 
another output sequence. VALID WORD will go low approx- 
imately K + 4 DECODER SHIFT CLOCK periods after it 
goes high, if not reset low sooner by a valid sync and two 
valid Manchester bits as shown (1). 


At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and ini- 
tialize the Decoder to start looking for a new sync character. 


Pa letra I ft fo 


SYNCHRONOUS 
CLOCK 


BIPOLAR 
ONE IN 


BIPOLAR 
ZERO IN 


COMMAND 55 
DATA SYNC 55 § 


enn s\n 


Ro MASSE SOMA NE 


(MAY BE HIGH FROM PREVIOUS RECEPTION) 
VALID WORD 


® ®@ 


BIT 3 | BIT 2 | BIT 1 JPARITY 
, oe 


arts] ora errs} err | ems W/W 


FIGURE 2. DECODER 
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Frame Counter 


DATA BITS 


PIN WORD 


=o 
28 
w=: 
_ «x 
TT} 
Ww 9 
=r 
qt — 
ao @ 
cc 


1. The above table demonstrates all possible combinations of frame lengths ranging from 6 to 32 bits. The pin word described here is com- 


mon to both the Encoder and Decoder. 
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SYNC DATA C4 [count es | 
2 & 
SYNC DATA 3 rd 
SELECT 4 seal | LL DATA SYNC 
eee 5 
SYNC L eae 35 
CLOCK aes 34 
enemas | a3 =—=_ 
CLOCK — aaa 31 — ENCODER 
11 30 PARITY SEL. 
SYNC CLOCK de 4 
SELECT pte 13 28 e SYNC 
( Ceof | fing 27 SELECT 
BIPOLAR ee onal tt a 
cbt - ENCODER 
4 
BIPOLAR a iimere ENABLE 
ONE IN 
a Ld BIPOLAR 
UNIPOLAR ONE OUT 
DATA IN mm V wpe 
TRANSITION i — eT) - 
ANSITI [atta 
Setzer —_ aa 
COMMAND BIPOLA 
SYNC = a i ~ a io | ZERO OUT 


DECODER 


> 
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Ps 
20 
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~ @ 
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oO 
zx 
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Pp 
wn 
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oO 
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PARALLEL OUT PARALLEL IN 


FIGURE 3. HOW TO MAKE OUR MTU LOOK LIKE A MANCHESTER ENCODED UART 


Typical Timing Diagrams for a Manchester Encoded UART 
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ENCODER ENABLE 


swncsetect | WML LLL LLL LLL LLL LLL LLL LL LLL LL 
VAL errr NON 


PARALLEL IN 
BIPOLAR ONE OUT [ P 
BIPOLAR ZERO OUT \ P 


eS asi on tA 
SYNC MSB LSB PARITY 


FIGURE 4. ENCODER TIMING 
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BIPOLAR ONE IN 


BIPOLAR ZERO IN 


COMMAND SYNC 


PARALLEL OUT 


VALID WORD 


LSB PARITY 
NE 
P 


FROM PREVIOUS | | 
RECEPTION 


FIGURE 5. DECODER TIMING 


MIL-STD-1553 


The 1553 Standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer cou- 
pling and excellent isolation among systems and their envi- 
ronment. 


The HD-15531 supports the full bipolar configuration, 
assuming a bus driver configuration similar to that in 
Figure 1. Bipolar inputs from the bus, like Figure 2, are also 
accommodated. 


The signaling format in MIL-STD-1553 is specified on the 
assumption that the network of 32 or fewer terminals are 
controlled by a central control unit by means of Command- 
Words, and Data. Terminals respond with Status Words, and 
Data. Each word is preceded by a synchronizing pulse, and 


BUS 


mawwum 


FIGURE 6. SIMPLIFIED MIL-STD-1553 DRIVER 


followed by parity bit, occupying a total of 20us. The word 
formats are shown in Figure 4. The special abbreviations are 
as follows: 


P Parity, which is defined to be odd, taken across all 
17 bits. 

R/T Receive on logical zero, transmit on ONE. 

ME Message Error if logical 1. 

TF Terminal Flag, if set, calls for controller to request 


self-test data. 


The paragraphs above are intended only to suggest the con- 
tent of MIL-STD-1553, and do not cornpletely describe its 
bus requirements, timing or protocols. 


“1” REF 


“0” REF 


FIGURE 7. SIMPLIFIED MIL-STD-1553 RECEIVER 
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COMMAND 
SYNC 


DATA 
SYNC 


BIT BIT BIT 
a << 
— — PERIOD 


LOGICAL ONE DATA 


LOGICAL ZERO DATA 


FIGURE 8. MIL-STD-1553 CHARACTER FORMATS 
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COMMAND WORD (FROM CONTROLLER TO TERMINAL) 


SYNC TERMINAL SUB ADDRESS DATA WORD 
ADDRESS /MODE COUNT 


R/T 
DATA WORD (SENT EITHER DIRECTION) 
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SYNC | DATA WORD | 


STATUS WORD (FROM TERMINAL TO CONTROLLER) 


SYNC TERMINAL CODE FOR FAILURE MODES TF 
ADDRESS 


FIGURE 9. MIL-STD-1553 WORD FORMATS 
NOTE: 


1. This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HD-15531. 
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Absolute Maximum Ratings Thermal Information 
SUNN VONSIOS 56 cc ie cedetnaeeedewn se eeeedacendwaniaw +7.0V Thermal Resistance (Typical) BJA 8JC 
Input, Output or I/O Voltage ........... GND -0.5V to Vcc +0.5V CERDIP Package .................- 35°C/W se 9°C/W 
BoD ClaSSnCaU) sce ccs dewiee sewn edd eon soak wane ae Class 1 PDIP Package..............eeeeees 50°C/W N/A 
Storage Temperature Range.................. -65°C to +150°C 
Operating Conditions Maximum Junction Temperature 
Supply Voltage ...........cccceccceceeceaees +4.5V to +5.5V Ceramic Package .........- 2.00. e ee eee reece eee +1 75°C 
Operating Temperature Range (Ta) Plastic POCKAQG cscs eesnenen pet ee nese eee nee + _ 
HD-15531-9 .............. eee eee eee eee. -40°C to +85°C 4 Maximum Lead Temperature (Soldering 10s)............ +300°C 
WE TRE visaniks Gan ave dene eusenvesees -55°C to +125°C ; . 
Encoder/Decoder Clock Rise Time (TECR, TDCR)....... 8ns Max Die Characteristics 
Encoder/Decoder Clock Fall Time (TECF, TDCF) ........ BNS Max Gate Count. ...c.0ccncscesceecserseaseeaseuesen 250 Gates 
Sync. Transition Span (TD2)........... 18 TDC Typical, (Note 1) 
Short Data Transition Span (TD4)........ 6 TDC Typical, (Note 1) 
Long Data Transition Span (TD5)....... 12 TDC Typical, (Note 1) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vcc =5.0V+10%, Ta = -40°C to +85C° (HD-15531-9) 
Ta = -55°C to +125C° (HD-15531-8) 


PARAMETER SYMBOL TEST CONDITIONS | MIN | MAX | UNITS 


Input HIGH Voltage V 


< 
QO 
i?) 
> 
on 
< 
i) 
3 
roe 
on 
on 
< 
S 
N 
< 
1?) 
1?) 


Input LOW Clock Voltage ViLC 


< < 
O (@) 
I | © @ 
iT ll i 
C > TFT: 
c v1 uo 
<= < 
pe) » 
3 =s 
Q Q 
oi ol 
ol uo 
< < 
< 
(@) 
QO 
o 
uo 
G) 
a 
oO 
+ 
Oo 
on 


Input HIGH Clock Voltage VIHC 


1H 
Output LOW Voltage VoL 
VOH 
IccsB Vin = Voc = 5.5V 
Outputs Open 
ICCOP Vin = Vcc = 5.5V, f = 15MHz 10 mA 
Outputs Open 


Se G (Note 3) 


Output HIGH Voltage 


oy 
~ 
i 
a 
ro) 
3 
> 
< 
O 
oO 
iN 
on 
< 
= 
2 
© 
= 


Input Leakage Current 


Standby Supply Current 


Operating Power Supply Current 


Functional Test 


NOTES: 
1. TDC = Decoder clock period = 1/FDC. 
2. Interchanging of force and sense conditions is permitted. 
3. Tested as follows: f = 15MHz, Viy = 70% Vcc, Vi_ = 20% Voc, CL = 50pF, Von 2 Voc/2 and Vo, < Voc/2. 


Capacitance T, = +25°C, Frequency = 1MHz 


SYMBOL PARAMETER UNITS TEST CONDITIONS 
Input Capacitance | 2 | oF All measurements are referenced to device GND 
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AC Electrical Specifications Voc = 5V +10%, Ta = -40°C to +85°C (HD-15530-9) 
Ta = -55°C to +125°C (HD-15530-8) 


SYMBOL PARAMETER UNITS 


TEST CONDITIONS (NOTE 2) 


ENCODER TIMING 


Max MIN 
FED [Encoder DataRate =f = | 125 f -  |8 MHz | Vcc = 4.5V and 5.5V, C; = 50pF 
SC Sc CA 


DECODER TIMING 


Le 
(Note 1) (Note 1) 
(Note 1) (Note 1) 
ae ea a 


NOTES: 
1. TDC = Decoder clock period = 1/FDC. 


2. AC Testing as follows: Input levels: Vip = 70% Voc, Vi_ = 20% Vcc; Input rise/fall times driven at ins/V; Timing Reference 
levels: Voc/2; Output load: C, = 50pF. 
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Timing Waveforms 


SEND CLOCK | | | | 


Te2 —|tes 
SERIAL DATA IN 14 WYLMMIEZ-@—! MY ZE@”0_0'€0€” (vaLio } UYss: 


ENCODER SHIFT CLOCK 


I te “el tee 
ENCODER SHIFT CLOCK 
—>| Tes [ren 
ENCODER ENABLE — Tes >| 


|= Tes | 
ENCODER SHIFT CLOCK ff 


te =| 


SEND DATA 


SEND CLOCK | | | i - 
a Teg 


BIPOLAR ONE OUT OR 
BIPOLAR ZERO OUT 


FIGURE 10. ENCODER TIMING 
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Timing Waveforms (continued) 


NOTE: UNIPOLAR IN = 0, FOR NEXT DIAGRAMS. 


jt 8? PERIOD ~~ —--- | = BIT PERIOD ——--- —» | «0 BIT PER!OD~ =| 


BOI oo 
——_—_—_—_——————— Tp2p ———______ | Ta —>| |< Tp 
Bzl Tin 
|-——_—_—__—_.—— Tp2 | 
COMMAND SYNC ; 
1 i] 
i] i] 
T 
BOI ag 
|~—__—_—_—_—_——Tp2 | Tos ~The 
—<Tp1 ; 
BZI 
DATA SYNC | Tiss | 


<T Tp 


- >| a. Tps —>| ~*— Tp; —>||<=—Tp3 1 —>| Tbs 
Tp2 Tp 


name |. games seemed seememenetes mmmenmemen | semeamnenmeea pasmeell” emia 
i} 
i} ' 


ONE ZERO ONE 


NOTE: BIPOLAR ONE IN = 0, BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS. 


' ” 
! ' ' =< 
Ul Tp2 Be fgg < & 
<< 
' COMMAND SYNC fas) 
n> 
ul Tp2 Tp2 2 = 
Os 
DATA SYNC ; 5 
O 
ul <—Tpa + Tg | ia Tps Tpa 
ONE ' ZERO ONE ' ONE 


FIGURE 11. DECODER TIMING 
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Timing Waveforms (continued) 


DECODER SHIFT CLOCK 


COMMAND/DATA SYNC 


TAKE DATA 


DECODER SHIFT CLOCK 


SERIAL DATA OUT 


DECODER SHIFT CLOCK 


COMMAND/DATA SYNC 


TAKE DATA 


VALID WORD 


DECODER SHIFT CLOCK 


DECODER RESET 


SYNCHRONOUS 
CLOCK IN 


DECODER SHIFT 
CLOCK 


SYNCHRONOUS 
CLOCK IN 


SYNCHRONOUS 
DATA IN 


HD-15531 


Tors =| -— 


—>| —TpRH 


SYNCHRONOUS INPUT (WITH EXTERNAL BIT SYNCHRONIZATION) 


>| Tp12 [~—— 


—~| |< Tp13 


— 


|< Tp13 


ee es ee ee ee 


>| |= Tis > 


PHASES 


FIGURE 12. DECODER TIMINGS 
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Test Load Circuit 


DUT 


C, (NOTE 1) 


FIGURE 13. 


NOTE: 
1. Includes stray and jig capacitance. 


HD-15531 


AC Testing Input, Output Waveform 


INPUT OUTPUT 
Vin VoH 
50% 50% 

VIL VoL 
FIGURE 14. 
NOTE: 


1. AC Testing: All input signals must switch between Vj, and Vip, 
input rise and fall times are driven at 1ns per volt. 


5-169 


rm) 
6 
C- a4 
Ee 
a5 
ne 
05 
== 
Os 
Oo 
O 


FARRIS 


SEMICONDUCTOR 


March 1997 


Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Support of MIL-STD-1553 
Data Rate (15531B) 
Data Rate (15531) 


2.5 Megabit/Sec 
1.25 Megabit/Sec 
Variable Frame Length to 32-Bits 
Sync Identification and Lock-in 
Separate Manchester Il Encode, Decode 


Low Operating Power 50mW at 5V 


Ordering Information 


HD-15531/883 


CMOS Manchester Encoder-Decoder 


Description 


The Harris HD-15531/883 is a high performance CMOS 
device intended to service the requirements of MIL-STD- 
1553 and similar Manchester II encoded, time division multi- 
plexed serial data protocols. This LSI chip is divided into two 
sections, an Encoder and a Decoder. These sections oper- 
ate independently of each other, except for the master reset 
and word length functions. This circuit provides many of the 
requirements of MIL-STD-1553. The Encoder produces the 
sync pulse and the parity bit as well as the encoding of the 
data bits. The Decoder recognizes the sync pulse and identi- 
fies it as well as decoding the data bits and checking parity. 


The HD-15531/883 also surpasses the requirements of MIL- 
STD-1553 by allowing the word length to be programmable 
(from 2 to 28 data bits). A frame consists of three bits for 
sync followed by the data word (2 to 28 data bits) followed by 
one bit of parity, thus, the frame length will vary from 6 to 32 
bit periods. This chip also allows selection of either even or 
odd parity for the Encoder and Decoder separately. 


This integrated circuit is fully guaranteed to support the 
1MHz data rate of MIL-STD-1553 over both temperature and 
voltage. For high speed applications the 15531B will support 
a 2.5 Megabit/sec data rate. 


The HD-15531/883 can also be used in many party line digi- 
tal data communications applications, such as a local area 
network or an environmental control system driven from a 
single twisted pair or fiber optic cable throughout a building. 


| PACKAGE TEMPERATURE RANGE 1.25MBIT/SEC 2.5MBIT/SEC | PKG.NO. 
CERDIP -55°C to +125°C HD1-15531/883 HD1-15531B/883 F40.6 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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Pinout 
HD-15531/883 (CERDIP) 
TOP VIEW 
vec [71 | COUNT C1 
VALID WORD | 2 | [39] COUNT C4 
TAKE DATA’ DATA SYNC 
TAKE DATA | 4 ENCODER CLK 
SERIAL DATA OUT | 5 [36] COUNT C3 
SYNCHR DATA | 6 | 35] NC 
SYNCHR DATA SEL 34] ENCODER SHIFT CLK 
SYNCHR CLK | 8 | 33] SEND CLK IN 
DECODER CLK | 9 | 32] SEND DATA 
SYNCHR CLK SEL |10| ENCODER PARITY SEL 
BIPOLAR ZERO IN |11| SYNC SEL 
BIPOLAR ONE IN |12] ENCODER ENABLE 
UNIPOLAR DATA IN |13) 28] SERIAL DATA IN 
DECODER SHIFT CLK [14] BIPOLAR ONE OUT 
TRANSITION SEL |15} 26] OUTPUT INHIBIT 
Nc [16] BIPOLAR ZERO OUT 
COMMAND SYNC 24] +6 OUT 
DECODER PARITY SEL |18] COUNT 2 
DECODER RESET |19) MASTER RESET 
COUNT CO 20} 21] GND 
Block Diagrams 
ENCODER 
GND Vv 
Fh ty 
MASTER RESET 
OUTPUT 
SEND CLK IN a INHIBIT 
33 26 
24 
— 
CHARACTER ONE OUT 
FORMER 
25 BIPOLAR 
ENCODER ZERO OUT 


BIT 
COUNTER 
32 


20] 40 | 23 | 36 | 39 SEND SERIAL SYNC 
DATA DATAIN | SELECT 
Co Cy Co Cg 


34 28 29 30}; 31 


ENCODER ENCODER ENCODER 
SHIFT ENABLE PARITY 
CLK SELECT 
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Block Diagrams (Continued) 


UNIPOLAR 
DATA IN 


BIPOLAR 
ONE IN 


BIPOLAR 
ZERO IN 


DECODER 
CLK 


DECODER 
CLK SELECT 


SYNCHRONOUS 
CLK 


SYNCHRONOUS 
CLK SELECT 


MASTER 
RESET 


SYNCHRONOUS 
DATA SELECT 
TRANSITION 

FINDER 

9 

45 | SYNCHRONIZER 

8 

10 

22 


HD-1553 1/883 


DECODER 


7 


CLOCK 
SELECT 
DATA 


DECODER 
RESET 
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8 _, SYNCHRONOUS 
DATA 


CHARACTER 


IDENTIFIER 


14 
19 BIT 3 
COUNTER 


20} 40 | 23 | 36 | 39 
co Ci C2 C3 C4 


TAKE DATA 
COMMAND 


DATA SYNC 


SERIAL 
DATA OUT 


VALID WORD 


PARITY 
SELECT 


DECODER 
SHIFT CLK 


TAKE DATA 
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Absolute Maximum Ratings Thermal Information 

SU VOONG oi cedcc se banene bee ba ree eeeensedsees as +7.0V Thermal Resistance BJA 8JC 

Input, Output or I/O Voltage ........... GND -0.5V to VCC +0.5V CERDIP Package ..............00.. 35°C/W se 9°C/W 

ESD Classification EDO DGG e508 & FO ONS Vee DOw CRE SP Re Class 1 Maximum Storage Temperature Range os mee ln Be -65°C to +1 50°C 
Maximum Junction Temperature.................00008 +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 


Gate COUN . occccxatucewevawucceuvasutuxevawwrs 250 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


SUDPIY VONAGE .c i cic kccawnivncevvseeeseenes +4.5V to +5.5V Sync. Transition Span (TD2)........... 18 TDC Typical, (Note 1) 
Operating Temperature Range (Ta)............ -55°C to+125°C Short Data Transition Span (TD4)........ 6 TDC Typical, (Note 1) 
Encoder/Decoder Clock Rise Time (TECR, TDCR)....... 8ns Max Long Data Transition Span (TD5)....... 12 TDC Typical, (Note 1) 
Encoder/Decoder Clock Fall Time (TECF, TDCF) ........ 8ns Max 


TABLE 1. HD-15531/883, HD-15531B/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


GROUP A LIMITS 
PARAMETER SYMBOL | TESTCONDITIONS | SUBGROUPS | TEMPERATURE [MIN [ MAX — 


Femonvomee [ve rerseaveasoy | va0 [arerteners] [eaves] v_ 
reamorvene | vw frocawvacsa | vas [aroriavarelenee] |v 
eaiaerconoes] we [oecesreaeer | vaa [arestnaropecaal — | v_ 


Output LOW Voltage VOL IOL = +1.8mA, 1,2,3 55°C < Ta s +125°C V 
VCC = 4.5V (Note 2) 

Output HIGH Voltage VOH IOH = -3.0mA, 1,2,3 55°C <Tas+125°C}] 2.4 V 
VCC = 4.5V (Note 2) 

Input Leakage Current VI = VCC or GND, i,2,3 55°C <Tas+125°C| = -1.0 +1.0 yA 
VCC = 5.5V 
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6 
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Ee 
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Standby Supply Current ICCSB_ | VIN=VCC =5.5V, -55°C < Ta $ +125°C mA 
Outputs Open 


Functional Test (Note 3) 55°C < Ta < +125°C = = fe 


NOTES: 
1. TDC = Decoder clock period = 1/FDC. 
2. Interchanging of force and sense conditions is permitted. 


3. Tested as follows: f = 15MHz, VIH = 70% VCC, VIL = 20% VCC, CL = 50pF, VOH 2 VCC/2 and VOL < VCC/2. 


TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


GROUPA HD-15531/883 HD-15531B/883 
SUB- 
ENCODER TIMING 
15 


| FEC 9,10, 11 | -55°C < Ta < +125°C 
Frequency 
Send Clock FESC |VCC=4.5Vand5.5V] 9, 10, 11 | -55°C < Ty < +125°C 
Frequency 


(NOTE 2) 
CONDI-TIONS 


PARAMETER | SYMBOL 


VCC =4.5V and 5.5V 
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TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 


GROUPA HD-15531/883 HD-15531B/883 
(NOTE 2) SUB- 
PARAMETER | SYMBOL CONDI-TIONS GROUPS 
Encoder Data VCC = 4.5V and5.5V| 9, 10, 11 |-55°C < Ty, < +125°C 
Rate 
Master Reset VCC = 4.5V and5.5V| 9, 10, 11 | -55°C < Ta < +125°C 
Pulse Width 
Shift Clock VCC = 4.5V and 5.5V -55°C < Ta $ +125°C 
VCC = 4.5V and 5.5V | 9, 10, 11 | -55°C < Ta <$ +125°C 
Serial Data 


TE1 
Delay 
TES | VCC=4.5Vand5.5V | 9, 10, 11 | -55°C < Tp, < +125°C 
Hold 
Enable Setup VCC = 4.5V and 5.5V| 9, 10, 11 | -55°C < Ta < +125°C 


Cc 
Ea 

= 

” 


TEMPERATURE MIN 


MHz 


150 150 


125 


Serial Data 75 


Setup 
75 


| . | 


Enable Pulse VCC =4.5V and5.5V| 9, 10, 11 | -55°C < Ta $ +125°C 


Width 
VCC = 4.5V and 5.5V| 9, 10, 11 | -55°C < Ta < +125°C 
5 


VCC = 4.5V and5.5V} 9, 10, 11 |-55°C < Ta < +125°C 150 
VCC = 4.5V and5.5V | 9, 10, 11 | -55°C < Ta < +125°C 
Bipolar Output VCC =4.5V and5.5V | 9, 10, 11 | -55°C < Ta < +125°C 
Delay 
V , 


Enable Hold TE10 CC =4.5V and 5.5V] 9, 10, 11 
Sync Hold TE11 | VCC =4.5V and5.5V] 9, 10, 11 


DECODER TIMING 


Sync Setup 55 


Sync Pulse 150 


Width 


Send Data 
Delay 


Nn 
on 


o1 
= 
oO 
oO 


130 130 


55°C < Ta $ +125°C 
95 


Tee E : | : 
nm (oe) 
on 
= = 
at iS 
N N 


55°C < Tp $ +125°C 


VCC = 4.5V and 5.5V 


5 0 MHz 


Decoder 
Clock 


Frequency 


Decoder 
Sync Clock 


9,10, 11 | -55°C < Ty $ +125°C 


VCC = 4.5V and 5.5V| 9, 10, 11 |-55°C < Ta < +125°C 
VCC =4.5V and5.5V | 9, 10, 11 |-55°C < Ty < +125°C 


uo 


Decoder Data 
Rate 


= 
Ne) 
or 


: 
0 


FDS 
FDD 
DR 


Decoder Re- 7 VCC = 4.5V and 5.5V | 9, 10, 11 |-55°C < Ta <$ +125°C 15 

set Pulse 

Width 

Decoder Re- TDRS |VCC=4.5Vand5.5V] 9, 10, 11 | -55°C < Ty < +125°C 5 75 
set Setup 

Time 


Decoder Re- 
set Hold Time 


TDRH |VCC=4.5V and5.5V] 9, 10, 11 | -55°C < Ta < +125°C 
sj VCC = 4.5V and 5.5V| 9, 10, 11 |-55°C < Ty, < +125°C 
VCC = 4.5V and 5.5V | 9, 10, 11 |-55°C < Ta <+125°C] TDC +10 
(Note 1) 
’ | | ; ; 


10 
Master Reset 150 
Pulse 


Bipolar Data 
Pulse Width 


—_ 
oO 


One Zero 
Overlap 


wail 
o) 
. 
o 
~ 
ej 
. 
Oo 


CC =4.5V and5.5V | 9, 10, 11 |-55°C < Ty < +125°C 
VCC = 4.5V and 5.5V| 9, 10, 11 | -55°C < Ty < +125°C 


z 
2g 
© 
= 
4 
et 
@ 
_ 


MR 
TD1 
TD3 
TD6 


Sync Delay 


MN 
Oo 


fe) 
S 
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TABLE 2. HD-15531/883, HD-15531B/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 


GROUP A 

(NOTE 2) SUB- 
PARAMETER | SYMBOL CONDI-TIONS GROUPS | TEMPERATURE 
Take Data TD7 | VCC =4.5V and5.5V| 9, 10, 11 | -55°C < Ta < +125°C 
Delay (ON) 
Serial Data TD8 = |VCC=4.5Vand5.5V] 9, 10, 11 | -55°C < Ty < +125°C 
Out Delay 
Sync Delay TD9 | VCC=4.5V and5.5V| 9, 10, 11 | -55°C < Ta < +125°C 
(OFF) 


Take Data TD10 [VCC =4.5V and5.5V] 9, 10, 11 |-55°C < Ta < +125°C 
Delay (OFF) 

Valid Word TD11 VCC =4.5V and5.5V | 9, 10, 11 | -55°C < Ta < +125°C 
Delay 


Sync Clock to 
Shift Clock 
Delay 


NOTES: 
1. TDC = Decoder Clock Period = 1/FDC. 


2. AC Testing as follows: VIH = 70% VCC, VIL = 20% VCC; Input rise/fall times driven at 1ns/V; Timing reference levels: VCC/2; 
Output load: CL = 50pF. 


TABLE 3. HD-15531/883, HD-15531B/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 

Input Capacitance Cl VCC = OPEN, f = 1MHz, All measure- 1 Ta = +25°C 25 pF 

ments referenced to device GND 
Input/Output Capaci- ClO VCC = OPEN, f = 1MHz, All measure- 1 Ta = +25°C 20 pF 
tance ments referenced to device GND 
Operating Power ICCOP | VCC =5.5V, f= 1MHz 1,2 -55°C < Ta < +125°C 10 mA 
Supply Current 


NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 
process and/or design changes. 


2. Guaranteed but not 100% tested. 
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TABLE 4. APPLICABLE SUBGROUPS 


A 
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Burn-In Circuit 


NOTES: 


aor, WO MY — 


. VCC = 5.5V +0.5V. 

. VIH = 4.5V +10%. 

. VIL = -0.2V to +0.4V. 
» R= 47kQ +5%. 

. FO = 100kHz +10%. 


vcc 


GND 


HD-1553 1/883 


HD1-15531/883 CERDIP 


REESE Sees 


FS 
reel 


THESES ESIC CCIE ecole 
a 


EIFS 
ai 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
155 x 195 x 19 +1mils Type: SiO» 
Thickness: 8kA +1kA 
METALLIZATION: 
Type: Si-Al WORST CASE CURRENT DENSITY: 


5 2 
Thickness: 11kA +2kA 2.0 x 10" Alem 


Metallization Mask Layout 


HD-15531/883 
VALID WORD COUNT C1 DATA SYNC 
TAKE DATA’ ! vec } COUNT C4 ' ENCODER CLK 
TAKE DATA i mary © ri 3 
5 nm = og ru fj || | 1 4 all WE COUNT C3 


a ENCODER ENABLE 


f 


Leet 


rs 
fel ts 


BIPOLAR ONE IN 


— 
—— 
ly 


ATE eed ae Leste Wat : 
SMC MN Cy CN CS 
Ti 


J 
SERIAL DATA OUT = = El 2" 
eee); Woe amen | Wee) 
fo a Fl zt | th eee ae 
| eral rata Fava : a 1 || El ENCODER SHIFT CLK 
SYNCHR DATA 2 bald) Pest Ld . me 
Sai == en Me ost 
|| ia (ial me SEND CLK IN 
SYNCHR DATA SEL pei i Gea rail | os : 
en west ema) pile 
r Sam gs | | 
SYNCHR CLK = | af Tel =F SEND DATA 
‘m@elW ea) o Se te ee 
i} fed | 4) = Ty, } i =; 
DECODER CLK ie = (ae il“ ly |] EX). ENCODER PARITY SEL 2 
! “| tel es | <0 
| | iss = 
SYNCHR CLK SEL 3 7 : [7] SSH Wey sync set < < 
=! cS ioe: | LE = 
If ihe al | N2 
BIPOLAR ZERO IN i: {_é : | O35 
fm 5 
O 
oO 


ree ye 


1) SERIAL DATA IN 


1 


UNIPOLAR DATA IN | fh] BIPOLAR ONE OUT 


meme 


ata Ts 
pi Tenits 


{ j Ls | t 
=m a SB 
DECODER SHIFT CLK Way aa a | =a = 
=e | ie =| a eal 
a ls = | OUTPUT INHIB 
| 
TRANSITION SEL Em = 
t 
COMMAND SYNC oa (UF zu F antl rl n uP a Wao apm |e ike BIPOLAR ZERO OUT 
pecoper 4 count4 masTER count | 
PARITY SEL CO RESET 2 
DECODER GND +6 OUT 
RESET 
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a MARIS HS-3182 


March 1997 ARINC 429 Bus Interface Line Driver Circuit 


Features Description 


TTL and CMOS Compatible Inputs The HS-3182 is a monolithic dielectrically isolated bipolar differ- 
ential line driver designed to meet the specifications of ARINC 
429. This Device is intended to be used with a companion chip, 
HS-3282 CMOS ARINC Bus Interface Circuit, which provides 
the data formatting and processor interface function. 


Adjustable Rise and Fall Times via Two External 
Capacitors 


Programmable Output Differential Voltage via Veer 


Input 

i ke All logic inputs are TTL and CMOS compatible. In addition to 
PPSTaIGs SU DEES BTSs Mp TOD emen leer the DATA A) and DATA (B) inputs, there are also inputs for 
Output Short Circuit Proof and Contains Over-Voltage = CLOCK and SYNC signals which are AND'd with the DATA 
Protection inputs. This feature enhances system performance and allows 
Outputs are Inhibited (0 Volts) If DATA (A) and DATA the HS-3182 to be used with devices other than the HS-3182. 


(B) Inputs are Both in the “Logic One” State 

Three power supplies are necessary to operate the 
DATA (A) and DATA (B) Signals are “AND’d” with Clock = }S-3182: +V = +15V + 10%, -V = -15V + 10%, and V; = 5V 
and Sync Signals + 5%. Vper is used to program the differential output voltage 


Full Military Temperature Range swing such that Voyt (DIFF) = + 2Vper. Typically, VRer = 
; . V1 = 5V + 5%, but a separate power supply may be used for 
Ordering Information VreF which should not exceed 6V. 


TEMPERATURE The driver output impedance is 75Q + 20% at 25°C. Driver 
PACKAGE RANGE PART NUMBER output rise and fall times are independently programmed 
through the use of two external capacitors connected to the 

fe) ie) = z 
saad ae aoe | ete iee ae Ca and Cp inputs. Typical capacitor values are Ca = Cp = 
HS1-3182-8 75pF for high-speed operation (100KBPS), and Ca = Cp = 
SMD# 5962-B6B7901EA 300pF for low-speed operation (12 to 14.5KBPS). The out- 
puts are protected against over-voltage and short circuit as 


CLCC HS4-3182-8 J28.A shown in the Block Diagram. The HS-3182 is designed to 


ERO O 
SMD# “55°C to +125°C | 5962-86879013A |J28.A soe ea ai temperature range of -55°C to +125°C, 
+ _ 


Pinouts 


HS-3182 (SBDIP) HS-3182 (CLCC) 
TOP VIEW 


NC 
DATA (A) 
NC 
NC 
Ca 


NC 
TRUTH TABLE NC 


8 FS Se 
or 


CLK 
4| NC 
1 DATA (B) 
4 Ce 
NC 
NC 
3 NC 


DATA (A) [4 7] DATA (B) 


o on fo wm 


&. dk dk Sh Sh 


a * * ek 


as Pu 


i | 
a rs Fro" rw Fr” Fas” Fas" 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2963 1 
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Block Diagram 


(9) (5) 


LEVEL SHIFTER : l 
AND SLOPE 7 , 
CONTROL (A) 5 q 


| | iit LEVEL SHIFTER : 
- AND SLOPE 
CONTROL (B) a 


DATA (A) ¢ 


CLOCK © 


Vrer © 
Ri 


SYNC ¢ 


DATA (B) ¢ 


(11) 


V;0 


OVER-VOLTAGE 
PROTECTION 


Typical Application 


PIN NUMBERS INDICATED BY() E Td 
= re 


HS-3182 
ARINC DRIVER 
CIRCUIT 


HS-3282 429D0 DATA (A) 16 LEAD DIP 


CMOS ARINC 
CIRCUIT 
429D0 


DATA (B) GND GND -V 


: PIN NUMBER 10, 15 = NC 
-15V 


NOTE: The rise and fall time of the outputs are set to ARINC specified values by Ca and Cg. Typical Ca = Cg = 75pF for high speed and 
300pF for low speed operation. The output HI! and low levels are set to ARINC specifications by Vagr 
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HS-3182 


Absolute Maximum Ratings Thermal Information 

Voltage Between +V and -V Terminals..................4.. 40V Thermal Resistance (Typical) ByA BNC 

Wc Sc Gh obASRERREED ETE TDDAT RSE RDSOE RDO RRRES PAROS ew’ 7V SBDIP Package.............-.05. 75°C/W 18°C/W 
VREF hacen doen ed Ke Bh Reet ene Peedrek «kbetova rousereas 6V CLCC Package .............0005. 60°C/W 14°C/W 
Logic Input Voltage... ....-. +... see ee. GND -0.3V to V; +0.3V Storage Temperature Range.................. -65°C to +150°C 
ESD Classification Vea aus tenet r ete eter e ees Class 1 Maximum Junction Temperature..................000- 4+175°C 
Output Short Circuit Duration. ................208. See Note 1 Maximum Lead Temperature (Soldering 100) cxc x aise e exo +300°C 
Output Over-Voltage Protection ................... See Note 2 


; a Die Characteristics 
Recommended Operating Conditions 


HRNISISION RN oa cic chan evde es Ord ods HORE CeO Rnee. nee 133 

Operating Voltage 

EET CTO TEC OTST TT Teer Te Te TT +15V + 10% 

ON cachseeddgeen washers ntae ease sees aweeden -15V + 10% 

UA: dow whe eadwceny he ned taeda eee ude aNabeee 5V +5% 

Vece (For ARING 420). 6. cdnccansstansee dye nese 5V + 5% 
Operating Temperature Range 

Pe OSs dct eccscnenaped Kueeueuatvaee tes 0°C to +70°C 

OTE G. oik dune iin dvewaeruuseus aise -55°C to +125°C 
NOTES: 


1. Heat sink may be required for 100K bits/s at +125°C and output short circuit at +125°C. 
2. The fuses used for output over-voltage protection may be blown by a fault at each output of greater than + 6.5V relative to GND. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Performance Specifications 


(NOTE 1) 
DC PARAMETER SYMBOL CONDITIONS 


Supply Current +V (Operating) locop (+V) | No Load (0-100K bits/s) ro 
Supply Current -V (Operating) Iccop (-V) | No Load (0-100K bits/s) -16 pf ma 


Supply Current V; (Operating) No Load (0-100K bits/s) 
: 
V 


Supply Current Ver (Operating) No Load (0-100K bits/s) 
Output Voltage High (Output to GND) No Load (0-100K bits/s) VREF ain | 
(-250mV) | (+250mV) 
-_ 
pv 
HL 


Logic “O” Input Voltage 


' 
— 


Logic “1” Input Voltage 
Output Voltage Low (Output to GND) No Load (0-100K bits/s) -VREF 
(-250mV) 


Output Voltage Null No Load (0-100K bits/s) 


VNULL 


Input Current (Input Low) 


Output Short Circuit Current loHSC Short to GND 


(Output High) 


Output Short Circuit Current lotsc Short to GND 
(Output Low) 


Output Impedance Ta = +25°C 


NOTE: 


1. +V =+15V + 10%, -V = -15V + 10%, V1 = Vref = 5V + 5%, unless otherwise specified Ta = 0°C to +70°C for HS-3182-5 and 
Ta = -55°C to +125°C for HS-3182-8. 


Input Current (Input High) ta 
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AC Electrical Performance Specifications 


(NOTE 1) 
AC PARAMETER SYMBOL CONDITIONS UNITS 
) 


einaeom pL | 
Ea 
Pamameronnreanoase | wn [oweerrerreme | 
Famaweronnreseoust | ra [owrtorrernee | 


NOTES: 


1. +V = +15V, -V =-15V, V; = Veer = 5V, unless otherwise specified Ta = 0°C to +70°C for HS-3182-5 and T, = -55°C to +125°C for 
HS-3182-8. 


2. ta measured 50% to 90% times 2, no load. 
3. te measured 50% to 10% times 2, no load. 


Fall Time (Agyt, Bout) 


Electrical Performance Specifications 


(NOTE 1) 
PARAMETER SYMBOL CONDITIONS UNITS 


Supply Current +V (Short Circuit) Isc (+V)_ | Short to GND, Ta = +25°C | = | 180 | ma 
Supply Current -V (Short Circuit) Isc (-V)_ | Short to GND, Ta = +25°C | 150 | - | ma 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design and after major process and/or design changes affecting these parameters. 


Power Specifications Nominal Power at +25°C, +V = +15V, -V = -15V, V1 = Vref = 5V, Notes 1, 3 


(K BITS/s) LOAD +V \- Vi CHIP POWER IN LOAD 
a 


NOTES: 
1. Heat sink may be required for 100K bits/s at +125°C and output short circuit at +125°C. 


Thermal characteristics: T(case) = T(Junction) ~ 8(Junction - Case) P(Dissipation): 
Where: T (Junction Max) = +175°C 

8(Junction - Case) = 10.9°C/W (6.1°C/W for LCC) 

8(Junction - Ambient) = 73.5°C/W (54.0°C/W for LCC) 


2. Full Load for ARINC 429: Ry = 400Q and C, = 30,000pF in parallel between Agyt and Bout (see block diagram). 


3. Output Over-Voltage Protection: The fuses used for output over-voltage protection may be blown by a fault at each output of greater than 
+6.5V relative to GND. 
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HS-3182 


Driver Waveforms 


50% f | ae 
DATA (A) OV : OV 


som i 
DATA (B) OV OV 


+4.75V TO +5.25V 
-4.75V TO -5.25V 
+4.75V TO +5.25V 


-4.75V TO -5.25V 


7¢— 2VREF HIGH +9.5V TO +10.5V 


-B 
DIFFERENTIAL ~~“ — 
OUTPUT , 
I 
| NOTE: OUTPUTS UNLOADED 
| -2VpeF -9.5V TO -10.5V 
NOTES: tp measured 50% to 90% times 2 When the Data (A) input is in the Logic One state and the Data (B) 


input is in the Logic Zero state, AgyT is equal to Vagr and Boyt is 
equal to -Vper. This constitutes the Output High state. Data (A) and 
VIH=5V_ Vo = -4.75V to -5.25V Data (B) both in the Logic Zero state causes both Agyt and Boyt to 
Vip = OV VoH = 4.75V to 5.25V be equal to OV which designates the output Null state. Data (A) in 
the Logic Zero state and Data (B) in the Logic One state causes 
Aout to be equal to -V_gr and Bout to be equal to Vrgr which is 
the Output Low state. 


te measured 50% to 10% times 2 


Burn-In Schematic 


V4 DATA (B) +V 


3 

tL ae, 

16 15 14 13 12 11 10 9 
HS-3182 

12 3 4 5 6 7 8 

TT | te 


DATA (A) -V GND 
NOTES: R=400Q+5% Ambient Temp. Max. = +125°C. 
Cz = 0.03uF + 20% Package = 16 Lead Side Brazed DIP. 
Cy = C3 = 500pF, NPO Pulse Conditions = A & B = 6.25kHz + 10%. B is delayed one-half 
+V = 415.5V+0.5V cycle and in sync with A. 
V = -15.5V +0.5V ViH = 2.0V Min. 
V1 =+5.5V+0.5V “Ser Mee 


A 0.0uF decoupling capacitor is required on each of the three 
supply lines (+V, -V and V1) at every 3rd Burn-in socket. 
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HS-3282 


CMOS ARINC Bus Interface Circuit 


aD 


REFERENCE AN400 


March 1997 


Features 

e ARINC Specification 429 Compatible 

e Data Rates of 100 Kilobits or 12.5 Kilobits 
e Separate Receiver and Transmitter Section 


Dual and Independent Receivers, Connecting Directly 
to ARINC Bus 


Serial to Parallel Receiver Data Conversion 
Parallel to Serial Transmitter Data Conversion 
Word Lengths of 25 or 32 Bits 

Parity Status of Received Data 

Generate Parity of Transmitter Data 
Automatic Word Gap Timer 

Single 5V Supply 

Low Power Dissipation 


Full Military Temperature Range 
Ordering Information 


PACKAGE TEMP. RANGE | PART NUMBER ia 


CERDIP -55°C to +125°C | HS1-3282-8 F40.6 
SMD# 5962-8688001QA | F40.6 
-40°C to +85°C | HS4-3282-9+ J44.A 


-55°C to +125°C | HS4-3282-8 J44.A 
5962-8688001XA | J44.A 


CLCC 


SMD# 


Description 


The HS-3282 is a high performance CMOS bus interface 
circuit that is intended to meet the requirements of ARINC 
Specification 429, and similar encoded, time multiplexed 
serial data protocols. This device is intended to be used with 
the HS-3182, a monolithic DI bipolar differential line driver 
designed to meet the specifications of ARINC 429. The 
ARINC 429 bus interface circuit consists of two (2) receivers 
and a transmitter operating independently as shown in 
Figure 1. The two receivers operate at a frequency that is ten 
(10) times the receiver data rate, which can be the same or 
different from the transmitter data rate. Although the two 
receivers operate at the same frequency, they are 
functionally independent and each receives serial data asyn- 
chronously. The transmitter section of the ARINC bus 
interface circuit consists mainly of a First-In First-Out (FIFO) 
memory and timing circuit. The FIFO memory is used to hold 
up to eight (8) ARINC data words for transmission serially. 
The timing circuit is used to correctly separate each ARINC 
word as required by ARINC Specification 429. Even though 
ARINC Specification 429 specifies a 32-bit word, including 
parity, the HS-3282 can be programmed to also operate with 
a word length of 25 bits. The incoming receiver data word 
parity is checked, and a parity status is stored in the receiver 
latch and output on Pin BDO8 during the 1st word. [A logic 
“0” indicates that an odd number of logic “1” s were received 
and stored; a logic “1” indicates that an even number of logic 
“1”s were received and stored]. In the transmitter the parity 
generator will generate either odd or even parity depending 
upon the status of PARCK control signal. A logic “O” on BD12 
will cause odd parity to be used in the output data stream. 


Versatility is provided in both the transmitter and receiver by 
the external clock input which allows the bus interface circuit 
to operate at data rates from 0 to 100 kilobits. The external 
clock must be ten (10) times the data rate to insure no data 
ambiguity. 


The ARINC bus interface circuit is fully guaranteed to 
support the data rates of ARINC specification 429 over both 
the voltage (+5%) and full military temperature range. It 
interfaces with UL, CMOS or NMOS support circuitry, and 
uses the standard 5-volt Voc supply. 


CMOS DATA 
COMMUNICATIONS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
i i ion 1997 
Copyright © Harris Corporation 199 5-183 


File Number 2964.2 


HS-3282 


Pinouts 
HS-3282 (CERDIP) 
TOP VIEW 
Vpp NC 
429DI1(A) MR 
429D11(B) TX CLK 
429D12(A) CLK 
429D12(B) NC 
DR NC 
DIR2 CWSTR 
SEL ENTX 
ENT 42900 
EN2 429D0 
BD15 TX/R 
BD14 PL2 
BD13 PLT 
BD12 BDOO 
BD11 BDO1 
BD10 BDO2 
BDOS BDO3 
BDO8 BDO4 
BDO7 BDO5 
BDO6 GND 
HS-3282 (CLCC) 
TOP VIEW 
azo 
S255 : 
g8 888 SHEE g 
5 , 43 
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Pin Description 


a 
acaraenremeReeT 


429 Dit (B) ARINC 429 data input to Receiver 1. 


| 4 429 Di2 (A) ARINC 429 data input to Receiver 2. 


429 Di2 (B) Receiver ARINC 429 data input to Receiver 2. 


Ww 
oO 
—_ 
_ 


O 
— 
D 
—_ 


Receiver Device ready flag output from Receiver 1 indicating a valid data word is ready to be fetched. 


D/R2 Receiver Device ready flag output from Receiver 2 indicating a valid data word is ready to be fetched. 


SEL Receiver Bus Data Selector - Input signal to select one of two 16-bit words from either Receiver 1 or 2. 


m 
Ss 


Receiver Input signal to enable data from Receiver 1 onto the data bus. 


Receiver Input signal to enable data from Receiver 2 onto the data bus. 


Bi-directional data bus for fetching data from either of the Receivers, or for loading data into 
the Transmitter memory or control word register. See Control Word Table for description of 


Recs/Trans 


Control Word bits. 


Recs/Trans See Pin 11. 


Recs/Trans See Pin 11. 


Recs/Trans See Pin 11. 


Recs/Trans See Pin 11. 


Recs/Trans See Pin 11. 


Recs/Trans See Pin 11. 


BD15 
18 BDO8 Recs/Trans 


See Pin 11. 


Recs/Trans See Pin 11. 


Recs/Trans See Pin 11. 


Recs/Trans Circuit Ground. 


Recs/Trans See Pin 11. 


23 Recs/Trans See Pin 11. Control Word function not applicable. 


24 Recs/Trans See Pin 11. Control Word function not applicable. 


25 Recs/Trans See Pin 11. Control Word function not applicable. 


Recs/Trans See Pin 11. Control Word function not applicable. 


BDOO See Pin 11. Control Word function not applicable. 
| 28 {PLY | Transmitter Parallel load input signal loading the first 16-bit word into the Transmitter memory. 


PL2 Transmitter Parallel load input signal loading the first 16-bit word into the Transmitter memory and initiates 
data transfer into the memory stack. 


Transmitter flag output to indicate the memory is empty. 
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Pin Description (Continued) 


[ew [swoon [seen [senna 
Ns 
| 32 | 429D0 Data output from Transmitter. 

Transmitter Enable input signal to initiate data transmission from FIFO memory. 


CWSTR Recs/Trans_ | Control word input strobe signal to latch the control word from the databus into the control 
word Cc" "AT 
| romnnnaaneemesee No connection. Must be left open or tied low but never tied high. 


Recs/Trans External clock input. May be either ten (10) or eighty (80) times the data rate. If using both 
ARINC data rates it must be ten (10) times the highest data rate, (typically 1MHz). 
| 38 TXCLK Transmitter Clock output. Delivers a clock frequency equal to the transmitter data rate. 
bed Real lene Master Reset. Active low pulse used to reset FIFO, bit counters, gap timer, word count signal, 


TX/R and various other flags and controls. Master reset does not reset the control word 
a 


register. Usually only used on Power-Up or System Reset. 
Pinout 


20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 2 1 


21 22 23 24 25 26 27 28 29 W 31 32 33 34 35 BH 37 38 39 40 
NC NC NC 
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Operational Description 


The HS-3282 is designed to support ARINC Specification 
429 and other serial data protocols that use a similar format 
by collecting the receiving, transmitting, synchronizing, 
timing and parity functions on a single, low power LSI circuit. 
It goes beyond the ARINC requirements by providing for 
either odd or even parity, and giving the user a choice of 
either 25 or 32-bit word lengths. The receiver and transmitter 
sections operate independently of each other. The serial-to- 
parallel conversion required of the receiver and the parallel- 
to-serial conversion requirements of the transmitter have 
been incorporated into the bus interface circuit. 


Control Word 


BDO5 SLFTST 


BD12 PARCK 


“I” selects even parity. 


by eighty (80). 


BD14 RCVSEL 
BD15 WLSEL 


ARINC 429 DATA FORMAT as input to the Receiver and out- 
put from the Transmitter is as follows: 


TABLE 1. ARINC 429 32-BIT DATA FORMAT 


Ce 
oe 


will be selected. 


30, 31 SSM 


[PwNAWET SBOUT INGTON 


Connects the self test signal from the transmitter directly to the receiver shift registers, bypassing the input 
receivers. Receiver 1 receives Data True and Receiver 2 receives Data Not. Note that the transmitter output 
remains active. (Logic “O” on SLFTST Enables Self Test). 


BD06 SDENB1 | Signal to Activate the Source/Destination (S/D) Decoder for Receiver 1. (Logic “1” activates S/D Decoder). 

BDO7 x1 If SDENB1 = “1” then this bit is compared with ARINC Data Bit #9. If Y1 also matches (see Y1), the word will be 
accepted by the Receiver 1. If SDENB1 = “0” this bit becomes a don’t care. 

lf SDENBI = “1” then this bit is compared with ARINC Data Bit #10. If X1 also matches (see X1), the word will 

be accepted by the Receiver 1. If SDENB1 = “0” this bit becomes a don’t care. 


BDO9 | SDENB2 | Signal to activate the Source/Destination (S/D) Decoder for Receiver 2. (Logic “1” activates S/D Decoder). 


If SDENB2 = “1” then this bit is compared with ARINC Data Bit #9. If Y2 also matches (see Y2), the word will be 
accepted by the Receiver 2. If SDENB2 = “0” this bit becomes a don’t care. 


If SDENB2 = “1” then this bit is compared with ARINC Data Bit #10. If X2 also matches (see X2), the word will 
be accepted by the Receiver 2. If SDENB2 = “0” this bit becomes a don’t care. 


Signal used to invert the transmitter parity bit for test of parity circuits. Logic “O” selects normal odd parity. Logic 


Selects high or low Receiver data rate. If RCVSEL = “0” then the received data rate should be equal to the clock 
rate divided by ten (10), if RCVSEL = “1 “then the received data rate should be equal to the clock rate divided 


Selects word length. If WLSEL = “0” a 32-bit word format will be selected. If WLSEL = “1” a 25-Bit word format 


Provisions have been made through the external clock input 
to provide data rate flexibility. This requires an external clock 
that is 10 times the data rate. 


To obtain the flexibility discussed above, a number of 
external control signals are required, To reduce the pin count 
requirements, an internal control word register is used. The 
control word is latched from the data bus into the register by 
the Control Word Strobe (CWSTR) signal going to a logic 
“1”. Eleven (11) control functions are used, and along with 
the Bus Data (BD) line are listed below: 


BD13 TXSEL | Selects high or low Transmitter data rate. If TXSEL = “0” then transmitter data rate is equal to the clock rate 
divided by ten (10). If TXSEL = “1” then transmitter data rate is equal to the clock rate divided by eighty (80). 


This format is shuffled when seen on the sixteen bidirec- 
tional input/outputs. The format shown below is used from 
the receivers and input to the transmitter: 


TABLE 2A. WORD 1 FORMAT 


1 
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TABLE 2B. WORD 2 FORMAT ¢ The Line Receiver functions as a voltage level translator. 


BI-DIRECTIONAL 
BIT# FUNCTION ARINC BIT# 


It transforms the 10 volt differential line voltage, ARINC 
429 format, into 5 volt internal logic level. 


The output of the Line Receiver is ore of two inputs to the 
Self-Test Data Selector (SEL). The other input to the 
Data Selector is the Self-Test Signal from the Transmitter 


section. 
¢ The incoming data, either Self-Test or ARINC 429, is 
Receiver Parity Status: double sampled by the Word Gap Timer to generate a 
0 = Odd Parity Data Clock. The Receiver sample frequency (RCVCLK), 
1MHz, or 125kHz, is generated by the Receiver/Transmit- 
1 = Even Parity ter Timing Circuit. This sampling frequency is ten times the 


If the receiver input data word string is broken before the | Data Rate to ensure no data ambigulty. 

entire data word is received, the receiver will reset and The derived data clock then shifts the data down a 32-Bit 
ignore the partially received data word. long Data Shift Register (Data S/RI). The Data Word 
Length is selectable for either 25 Bits or 32 Bits long by the 
Control Signal (WLSEL). As soon as the data word is 
completely received, an internal signal (WDCNT1) is gen- 
erated by the Word Gap Timer Circuit. 


If the transmitter is used to transmit consecutive data words, 
each word will be separated by a four (4) bit “null” state (both 
positive and negative outputs will maintain a zero (0) volt 
level.) 


TABLE 3. ARINC 25-BIT DATA FORMAT The Source/Destination (S/D) Decoder compares the user 

set code (X and Y) with Bits 9 and 10 of the Data Word. If 

the two codes are matched, a positive signal is generated 
: to enable the WDCNT1 signal to latch in the received data. 

Otherwise, the data word is ignored and no latching action 
takes place. The S/D Decoder can be Enabled and 


Disabled by the control signal S/D ENB. If the data word is 
latched, an indicator flag (D/R1) is set. This indicates a 


a a a valid data word is ready to be fetched by the user. 


After the receiver data has been shifted down the shift 
TABLE 4A. WORD 1 FORMAT register, it is placed in a holding register. The device ready 


flag will then be set indicating that data is ready to be 
BI-DIRECTIONAL 
BIT# FUNCTION ARINC BIT# 


fetched. If the data is ignored and left in the holding regis- 
ter, it will be written over when the next data word is 
received. 
ee ee 
on the bus in the form of two (2)16-bit words regardless of 
whether the format is for 32 or 25-bit data words. Either 


TABLE 4B. WORD 2 FORMAT word can be accessed first or repeatedly until the next 


received data word falls into the holding register. 
BI-DIRECTIONAL 
BIT# FUNCTION ARINC BIT# 


The received data in the 32-bit holding register is placed 


The parity of the incoming word is checked and the status 
(i.e., logic “O” for odd parity and logic “1” for even parity) 
stored in the receiver latch and output on BDO8 during the 
Word No. 1. 


Assuming the user desires to access the data, he first sets 
Receiver Parity Status: the Data Select Line (SEL) to a Logic “O” level and pulses 
the Enable (EN1) line. This action causes the Data 


U = Cag Panty Selector (SELI) to select the first-data word, which con- 
1 = Even Parity tains the label field and Enable it onto the Data Bus. To 
No Source/Destination (S/D) in 25-Bit format. obtain the second data word, the user sets the SEL line to 

a Logic “1” level and pulse the Enable (EN1) line again. 
Receiver Operation The Enable pulse duration is matched to the user circuit 


requirement needed to read the Data Word from the Data 
Bus. The second Enable pulse is also used to reset the 
Device Ready (D/R1) flip-flop. This completes a receiving 
cycle. 


Since the two receivers are functionally identical, only one 
will be discussed in detail, and the block diagram will be 
used for reference in this discussion. The receiver consists 
of the following circuits: 
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Transmitter Operation 


The Transmitter section consists of an 8-word deep by 31- 
Bit long FIFO Memory, Parity Generator, Transmitter Word 
Gap Timing Circuit and Driver Circuit. 


¢ The FIFO Memory is organized in such a way that data 
loaded in the input register is automatically transferred to 
the output register for Serial Data Transmission. This 
eliminates a large amount of data managing time since the 
data need not be clocked from the input register to the 
output register. The FIFO input register is made up of two 
sets of 16 D-type flip-flops, which are clocked by the two 
parallel load signals (PL1 and PL2). PL1 must always 
precede PL2. Multiple PL1’s may occur and data will be 
written over. As soon as PL2 is received, data is 
transferred to the FIFO. The data from the Data Bus is 
clocked into the D-type flip-flop on the positive going edge 
of the PL signals. If the FIFO memory is initially empty, or 
the stack is not full, the data will be automatically 
transferred down the Memory Stack and into the output 
register or to the last empty FIFO storage register. If the 
Transmitter Enable signal (ENTX) is not active, a Logic “0”, 
the data remains at the output register. The FIFO Memory 
has storage locations to hold eight 31-bit words. If the 
memory is full and the new data is again strobed with PL, 
the old data at the input register is written over by the new 
data. Data will remain in the Memory until ENTX goes to a 
Logic “1”. This activates the FIFO Clock and data is shifted 
out serially to the Transmitter Driver. Data may be loaded 
into the FIFO only while ENTX is inactive (low). It is not 
possible to write data into the FIFO while transmitting. 
WARNING: If PL1 or PL2 is applied while ENTX is high, 
i.e., while transmitting, the FIFO may be disrupted such 
that it would require a MR (Master Reset) signal to 
recover. 


The Output Register of the FIFO is designed such that it 
can shift out a word of 24 Bits long or 31 Bits long. This 
word length is again controlled by the WLSEL bit. The TX 
word Gap Timer Circuit also automatically inserts a gap 
equivalent to 4-Bit Times between each word. This gives a 
minimum requirement of 29-Bit time or 36-Bit time for each 
word transmission. Assuming the signal, ENTX, remains 
at a Logic “1”, a transfer to stack signal is generated to 
transfer the data down the Memory Stack one position. 
This action is continued until the last word is shifted out of 
the FIFO memory. At this time a Transmitter Ready (TX/R) 
flag is generated to signal the user that the Transmitter is 
ready to receive eight more data words. During transmis- 
sion, if ENTX is taken low then high again, transmission 
will cease leaving a portion of the word untransmitted, and 
the data integrity of the FIFO will be destroyed. 


¢ A Bit Counter is used to detect the last Bit shifted out of 
the FIFO memory and appends the Parity Bit generated 
by the Parity Generator. The Parity Generator has a 
control signal, Parity Check (PARCK), which establishes 
whether odd or even parity is used in the output data word. 
PARCK set to a logic “O” will result in odd parity and when 
set to a logic “1” will result in even parity. 


Sample Interface Technique 


From Figure 1, one can see that the Data Bus is time shared 
between the Receiver and Transmitter. Therefore, bus 
controlling must be synchronously shared between the 
Receiver and the Transmitter. 


Figure 2 shows the typical interface timing control of the 
ARINC Chip for Receiving function and for Transmitting 
function. Timing sequence for loading the Transmitter FIFO 
Memory is shown in Timing Interval A. A transmitter Ready 
(TX/R) Flag signals the user that the Transmitter Memory is 
empty. The user then Enables the Transmitter Data, a 16-Bit 
word, on the Data Bus and strobes the Transmitter with a 
Parallel Load (PL1) Signal. The second part of the 32-Bit 
word is similarly loaded into the Transmitter with PL2, which 
also initiates data transfer to stack. This is continuous until 
the Memory is full, which is eight 31-Bit words. The user 
must keep track of the number of words loaded into the 
Memory to ensure no data is written over by other data. 
During the time the user is loading the Transmitter, he does 
not have to service the Receiver, even if the Receiver flags 
the user with the signal D/R1 that a valid received word is 
ready to be fetched. This is shown by the Timing interval B. If 
the user decides to obtain the received data before the 
Transmitter is completely loaded, he sets the two parallel 
load signals (PL1 and PL2) at a Logic “1” state, and strobes 
EN1 while the signal SEL is at a Logic “0” state. After the 
negative edge of EN1, the first 16-Bit segment of the 
received word becomes valid on the Data Bus. At the 
positive edge of EN1, the user should toggle the signal SEL 
to ready the Receiver for the second 16-Bit word. Strobing 
the Receiver with EN1, the second time, enables the second 
16-Bit word and resets the Receiver Ready Flag D/R1. The 
user should now reset the signal SEL to a Logic “0” state to 
ready the Receiver for another Read Cycle. During the time 
period that the user is fetching the received words, he can 
load the transmitter. This is done by interlacing the PL 
signals with the EN signals as shown in the Timing Interval 
B. Servicing the Receiver 2 is similar and is illustrated by 
Timing interval C. Timing interval D shows the rest of the 
Transmitter loading sequence and the beginning of the 
transmission by switching the signal TX Enable to a Logic “1” 
state. Timing interval E is the time it takes to transmit all data 
from the FIFO Memory, either 288 Bit times or 232 Bit times. 


Repeater Operation 


This mode of operation allows a data word that has been 
received to be placed directly in the FIFO for transmission. A 
timing diagram is shown in Figure 7. A 32-bit word is used in 
this example. The data word is shifted into the shift register 
and the D/R flag goes low. A logic “0” is placed on the SEL 
line and EN1 is strobed. This is the same as the normal 
receiver operation and places half the data word (16 bits) on 
the data bus. By strobing PL1 at the same time as ENT, 
these 16 bits will be taken off the bus and placed in the 
FIFO. SEL is brought back high and EN1 is strobed again for 
the second 16 bits of the data word. Again by strobing PL2 at 
the same time the second 16 bits will be placed in the FIFO. 
The parity bit will have been stripped away leaving the 31-bit 
data word in the FIFO ready for transmission as shown in 
Figure 6. 
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RCV CLK 
RCVSEL 
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TIMING 
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Y1 (BD06) 
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| 
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qa 
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FIGURE 1. SINGLE CHIP ARINC 429 INTERFACE FUNCTIONAL BLOCK DIAGRAM 
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Absolute Maximum Ratings Thermal Information 
BUDO VONROE + cc xc be eaves veeeueeedavensaeeeuseen as +7.0V. Thermal Resistance Bya (CCW) By (°C/W) 
Input, Output or I/O Voltage Applied CDIP Package. .....scecxseesunen 35 8 
(Except PINS 2 <5) ..sscesnrxnevess GND -0.3V to Vpp +0.3V CLCC Package .................. 55 12 
Input Voltage Applied (Pins 2-5)..............45. -29V to+29V Maximum Junction Temperature............00000 0000s +175°C 
ESO) CHASSINCRUON «awe uday bn ccearswnsgee vos weneeas Class 1 Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 
Operating Conditions 
Operating Voltage Range................0.. +4.75V to +5.25V Die Characteristics 
Operating Temperature Range Gate Count ..........0.0. 2.0 c cc cece cece e ee ees 2632 Gates 
eg eo: ee re re 0°C to +70°C 
SO oc cce wise wena dew etanereen tens -55°C to +125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of 
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Performance Specifications Vpp = 5V +5%, Ta = 0°C to +70°C (HS-3282-5), 
A = -55°C to +125°C (HS-3282-8) 


+ 
LIMITS 
PARAMETER SYMBOL CONDITIONS | MIN- | = MAX | UNITS 


ARINC INPUTS Pins 2-3,4-5 


Vissi il ID SUISUN 
Null Input Voltage VNUL +2.5 


Common Mode Voltage 


Input Leakage 


Input Leakage 


+e) 


Differential Input Impedance 


= 
ine) 


Input Impedance to Vpp 


x 
+e) 


Input Impedance to GND 


«i S 
ol ~N 


BIDIRECTIONAL INPUTS Pins 11-20, 22-27 
V 
V 


Logic “1” Input Voltage 


Logic “1” Input Voltage 
OUTPUTS Pins 6, 7, 11-20, 22-27, 30-32, 38, Supply Pin 1 


loc Vpp = 5.25V, Vin = OV Except 9,10, 
29 = 5.25V 


Icc2 Vpp = 5.25V, Vin = 5.25V Except 8, 
33 = 0.0V, CLK = 1MHz 


CH : 
NH 
Nie ; 
RH Vpp = 5.25V, Vin = OV 
RG Vpp = Open, Vin = 5.0V 
IH 
Logic “0” Input Voltage IL , 
IH = 
NL 


Input Leakage 


= 


x a 


-5.0 
12 
12 
2.1 

-1.5 


V 
Logic “O” Input Voltage V 
| 


= 
oO 


Input Leakage 


IH 3.5 
IL 
lH 

Input Leakage Ne -75 LL. 


Logic “1” Output Voltage V 


Logic “O” Output Voltage 


= 
> 


Standby Supply Current 


= 


= 


Operating Supply Current 


) >) fo) 
—) N 


ip?) 
oO 
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AC Electrical Performance Specifications Vpp = 5V +5%, Ta = 0°C to +70°C (HS-3282-5), 
Ta = -55°C to +125°C (HS-3282-8) 


LIMITS 


PARAMETER SYMBOL CONDITIONS UNITS 


MHz 


|e 


Clock Frequency Vpp = 4.75V, 5.25V 


Data Rate 1/ D Vpp = 4.75V, 5.25V 


—_ 
oO 
oO 


Oo 


4 


Data Rate 2/ Vpp = 4.75V, 5.25V 


Master Reset Pulse Width TMR Vop = 4.75V, 5.25V 200 


eal 


—_ 
nm 
on 
x x 
a oe 
N N 


RECEIVER TIMING 


Receiver Ready Time From 32nd Bit 1/ TD/R2 Vpp = 4.75V, 5.25V 


—_ 
Oo 
rc 


Receiver Ready Time From 32nd Bit 2/ TD/R2 Vpp = 4.75V, 5.25V 128 


= 
” 


Device Ready to Enable Time TD/REN Vpp = 4.75V, 5.25V 


ip) pe) oO 
oO co) 


Data Enable Pulse Width TEN Vop = 4.75V, 5.25V 200 


TENEN 


io) 


Data Enable to Data Enable Time Vop = 4.75V, 5.25V 


Data Enable to Device Ready Reset Time TEND/R Vop = 4.75V, 5.25V 200 


Output Data Valid to Enable Time TENDATA | Vpp = 4.75V, 5.25V 


Data Enable to Data Select Time TENSEL Vop = 4.75V, 5.25V 


Data Select to Data Enable Time TSELEN Vop = 4.75V, 5.25V 


TDATAEN 


TCWSTR- | Vpp = 4.75V, 5.25V 130 
TCWSET | Vop = 4.75V, 5.25V 130 
TCWHLD | Vop = 4.75V, 5.25V 


Parallel Load to Parallel Load 2 Delay TPL12 
Transmitter Ready Delay Time TTX/R 
Data Word Setup Time TDWSET 110 


TENDAT Vpp = 4.75V, 5.25V 


Output Data Disable Time Vop = 4.75V, 5.25V 


CONTROL WORD TIMING 


Control Word Strobe Pulse Width 


Control Word Setup Time 


Control Word Hold Time 


TRANSMITTER FIFO Write Timing 


Parallel Load Pulse Width 


840 


Data Word Hold Time 


TRANSMITTER Output Timing 


Enable Transmit to Output Data Valid Time 1/ 


= 
” 


Enable Transmit to Output Data Valid Time 2/ 


= 
77) 


Eee Taran GopuOan valine | TNOAT [Von e7ev.8a57 a 
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AC Electrical Performance Specifications Vpp = 5V +5%, Ta = 0°C to +70°C (HS-3282-5), 
Ta = -55°C to +125°C (HS-3282-8) (Continued) 


LIMITS 
PARAMETER SYMBOL CONDITIONS 


Pay ae | oot, 
ESC 
ES 
aemtnanraciaPaisionow [| TN [iopcavoneaw |e | | 


Enable Transmit Delay Time TTX/REN Vop = 4.75V, 5.25V 


NOTES: 
1. 100kHz Data Rate. 
2. 12.5kHz Data Rate. 


Electrical Performance Specifications Vpp = 5V +5%, Ta = 0°C to +70°C (HS-3282-5), 
Ta = -55°C to +125°C (HS-3282-8) 


(NOTE 1) 
CONDITIONS 


NOTES: 


1. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design and after major process and/or design changes affecting these parameters. 


. All measurements are referenced to device GND. 
. Pins 2-3, 4-5. 

. Pins 8-10, 28, 29, 33, 34, 37, 39. 

. Pins 6, 7, 11-20, 22-27, 30-32, 38. 

. Pins 8-20, 22-29, 33, 34. 


on fk W PY 
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Timing Waveforms 


HR ny 
DATA BUS ptr espace mango 
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SEL rT om | 
TIME TIME TIME TIME TIME 
| INTERVAL A | INTERVAL B | INTERVAL C | INTERVAL D INTERVAL E 
XK BUS IS BEING USED AS AN OUTPUT ) em | BUS IS BEING USED AS AN INPUT 
FIGURE 2. TYPICAL INTERFACE TIMING SEQUENCE 
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FIGURE 3. RECEIVER TIMING 
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BDOO-15 CONTROL WORD 


FIGURE 4. CONTROL WORD TIMING 
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Timing Waveforms (Continued) 


L1 \ / 
tpLi2 
awi-—-— r= 


BDOO0-15 


FIGURE 5. TRANSMITTER FIFO WRITE TIMING 


ENTX 


42900 


FIGURE 6. TRANSMITTER OUTPUT TIMING 


429DI 
tpR |<— —_ = tEND/R 


DR 
—>| tp/REN Tien tENEN 7 
at 


tSELEN <«— tENSEL 


FURS MAAA LLZ4 7 RQ MOaAI 


teEnPL —> 
| —<— tpLen 


L1 


tenpL —}|| = 
~<— tpLeNn 


ENTX 


429D0 


—s| |<—torwR 
FIGURE 7. REPEATER OPERATION TIMING 
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Burn-In Circuits 


HS-3282 CERDIP 
c 

GND — NC 

F4 F15 
GND NC 

F4 FO 
GND NC 
NC NC 
NC Vpp 

FS GND 
Vop NC 

F8 NC 
F15 NC 
Fi4 F8 
F13 Fé 
F12 FO 
F141 FI 
F10 F2 

F9 F3 

F8 F4 

F7 F5 

FE GND 

HS-3282 CLCC 
GND 
9228 22 S£eeg 


NC NC 
NC NC 
NC Vop 
F9 GND 
Vop NC 
F8 NC 
F15 NC 
F14 F8 
Ft3 F8 
F12 FO 


F11 F1 


NOTES: 
1. Resistors = 47kQ, 5%, 1/4W (Min) 
2. GND = Ground 
3. Vpp = +5.5V, +0.5V 
4. C= 0.01mF/Socket (Min) 
5. FO = 100kHz, F1 = FO/2,...F15 = F14/2 
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Die Characteristics 


DIE DIMENSIONS: 
246 x 224 x 19 mils) 
(6250 x 5700 x 483um) 


METALLIZATION: 
Type: Si-Al 
Thickness: 11kA +2kA 


Metallization Mask Layout 


(6) DRI 
77 || (5) 429D12(B) 


i 


D/R2 (7) sae a8 pero! pes ‘Z 


SEL (8) 


EN? (9) 


eu | 
SOM iL 
— ail 


EN7 (10) 


a 


BD15 (11) 


f, 1 i, 
. Set 
sy. { 


BD14 (12) 
BD13 (13) 
BD12 (14) 
BD11 (15) 


BD10 (16) 


HS-3282 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA +1kA 


WORST CASE CURRENT DENSITY: 


2 x 10° A/cm? 
HS-3282 

eg x 
N= = 3 - 
Qa 0a Q (3) 

Q a _/ 
Qo 28 5 £& x og 
ID Se = 8 o 8 
OO OD OL ms? 

Ceased ue 


| i B Ia er peava! : 
‘lie mye ie ae = = fr 36 N/C 
im ll tf | it oe = ie ( ) 


1 | 


; a ri 0 


AUEEET A 


(35) N/C 
(34) CWSTR 


(33) ENTX 
(32) 429D0 


aT iT iE ae, 
ny Gam at 


(31) 429D0 
(30) TX/R 


(29) PL2 


(28) PL1 


(27) BDOO 


BD02 (25) 
BDO1 eal t 
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SEMICONDUCTOR 


ICL232 


+5V Powered Dual RS-232 Transmitter/Receiver 


Features 


e Meets All RS-232C and V.28Specifications 
e Requires Only Single +5V Power Supply 
e Onboard Voltage Doubler/Inverter 
e Low Power Consumption 
e 2 Drivers 
- +9V Output Swing for +5V Input 
- 300Q Power-off Source Impedance 
- Output Current Limiting 
- TTL/CMOS Compatible 
- 30V/us Maximum Slew Rate 
e 2 Receivers 
- +30V Input Voltage Range 
- 3kQ to 7kQ Input Impedance 
- 0.5V Hysteresis to Improve Noise Rejection 


All Critical Parameters are Guaranteed Over the Entire 
Commercial, Industrial and Military Temperature Ranges 


Applications 


e Any System Requiring RS-232 Communications Port 
- Computer - Portable and Mainframe 
- Peripheral - Printers and Terminals 
- Portable Instrumentation 
- Modems 
e Dataloggers 


Pinout 


ICL232 (PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


Description 


The ICL232 is a dual RS-232 transmitter/receiver interface 
circuit that meets all EIA RS-232C and V.28 specifications. It 
requires a single +5V power supply, and features two 
onboard charge pump voltage converters which generate 
+10V and -10V supplies from the 5V supply. 


The drivers feature true TTL/CMOS input compatibility, slew- 
rate-limited output, and 300Q power-off source impedance. 
The receivers can handle up to +30V, and have a 3kQ to 7kQ 
input impedance. The receivers also have hysteresis to 
improve noise rejection. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


jcizsacse | ow 70 [61a S010 Ww 
(oe | 
oLzseMe 


-40to85 |16LdSOIC(W) |M163 
-55to 125 |16LdCerDIP F16.3 


Functional Diagram 
+5V 


Vec 
+5V TO 10V , 
_ VOLTAGE INVERTER Y* 


1pF 


+10V TO -10V 


6 
al _ VOLTAGE INVERTER 


T1in 


T2in 


Rlout 


R2outT 


File Number 
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3020.4 


ICL232 


Absolute Maximum Ratings Thermal Information 
Wer 1 GOO <o.snss aweedinncesa reas (GND -0.3V) <Vo¢g <6V Thermal Resistance (Typical) Oya (CC/W) 8jc (CCW) 
Me UPON 4 6 eae te sexes dee dvenne (Vcc -0.3V) < V+ < 12V CarDiP PACKEQG 1c csuncanenee cans 80 18 
Ve 1) ONOUNG «ccc ccacsdesenwuan dias -12V < V- < (GND +0.3V) POW PACRAOG s 64600800 o waned ees 100 N/A 
Input Voltages SOIC Package................05. 100 N/A 
Titty (2x ove eran ecense sna ees (V- -0.3V) < Viny < (V+ +0.3V) | Maximum Junction Temperature 
RUM FO Nica bees edeseses acne veiwat eens casees eweaes +30V Plastic PAGKOQO .. 6c csndssecrreereeurinesseexcunan 150°C 
Output Voltages Coaramic Packages .i.cccssicisdasansoevesrwourenws 175°C 
ett TRAY 2<6+4 se esees (V- -0.3V) < VtxouT < (V+ +0.3V) Operating Temperature Range 
Riout, R2ouTt----- +++: (GND -0.3V) < Vaxout < (Vcc +0.3V) NDAE i icceser shar ineaneetuesixacareennyas 0°C to 70°C 
Short Circuit Duration RULeel ae ctuecdedeencesueetiaendavecas ees -40°C to 85°C 
TTG0G 1eOUT <40%6¢ iseaw eon ryeeseewsoenens Continuous LOI crastvnwsterneie savuerny sarecesds -55°C to 125°C 
PROUT PICOULT ¢ 4-054 6454 644008)00see env cerees Continuous 
Storage Temperature Range .................. -65°C to 150°C 
Lead Temperature (Soldering 10s)................2005: 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions: Vcc = +5V +10%, Ta = Operating Temperature Range. Test Circuit as in Figure 8 
Unless Otherwise Specified 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX — UNITS 


Transmitter Output Voltage Swing, Tout T1oyT and T2oyt loaded with 3kQ 
to Ground 


Fanon | | 
Tvenioornnwe | PT 
200 WA 


Logic Pullup Current, Ip T1in, T2i~_ = OV 15 


+ 
Ww 
oO 


oo 
ros) 


RS-232 Input Voltage Range, Vij 


ie) 


w 
on =] 
a S ofof=] =] a 
ol oa ol N ine) oO 
oO 
P= 


N 
jo) 


Receiver Input Impedance, Rij VIN = +3V 


Receiver Input Low Threshold, Vij (H-L) Voc = BV, Ta = 25°C 


ie) 
BS 


Receiver Input High Threshold, Vij (L-H) Voc = 5V, Ta = 25°C 


io) 


Receiver Input Hysteresis, Vyyst 


TTL/CMOS Receiver Output Voltage Low, Vo_ | loyt = 3.2mA 


TTL/CMOS Receiver Output Voltage High, Von | lout = -1.0mA 


Propagation Delay, tpp RS-232 to TTL 


Ww 


Instantaneous Slew Rate, SR Cy = 10pF, Ry = 3kQ, Ta = 25°C 0) 


(Notes 1, 2) 


V/us 


Transition Region Slew Rate, SRy Ry = 3kQ, Cy, = 2500pF Measured V/us 


from +3V to -3V or -3V to +3V 


Output Resistance, Rout Voc = V+ = V- = OV, Vout = +2V 300 


55 
° 
3 
> 


RS-232 Output Short Circuit Current, Isc T1ouT or T2ouT shorted to GND 


NOTES: 
1. Guaranteed by design. 
2. See Figure 4 for definition. 
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Test Circuits 


+4.5V.TO 
- +5.5V INPUT 
1pF 
C3 
i Ey Vec [16 
1pF 1 
or GND |15| 1 
ayer. 
T1 OUTPUT == 
C2+ R1 RS-232 
1pF t Ea IN [13 +30V INPUT 
C2 = TTLUCMOS 
1WF CA Rtourt [12| OUTPUT 
+h1- : TTLICMOS 
— ahs)" Tn [<input 
= T2ouT T2yy [10 H< TTLICMOS Rout=Vinl Tout 
INPUT 
== T2 OUTPUT Veo 22V 
90V INPUT > Le] F2iN i OUTPUT ale Tour 
FIGURE 1. GENERAL TEST CIRCUIT FIGURE 2. POWER-OFF SOURCE RESISTANCE 


CONFIGURATION 


Typical Performance Curves 


550 


10 
so | | | 


=~ 9 = 
a ~ ie V+ (Voc = 5V) 
3 450 = ‘ 
oO = “a a a 
= EXTERNAL SUPPLY LOAD , = ON : 
< 400| 1k BETWEEN V+ + GND ts ~ PRS _ 
ra) 6 bh ee 
WW OR V- + GND s 7 = | ~~ i a 
= 350! TRANSMITTER OUTPUT 5 a4 
7 OPEN CIRCUIT E 5 ~~ 
& 300 GUARANTEED 4 NIA 
rs OPERATING 5 Us NS 
3 250 ~_ RANGE 3 N \ 
. Ta = 25°C ™~ . 
> 200 * | TRANSMITTER OUTPUTS N \ 
joenencur | | | KIS 
150 
o 1 2 3 4 5 6 7 8 9 10 
INPUT SUPPLY VOLTAGE Vcc (V) ILoap! (mA) 
FIGURE 3. V+, V- OUTPUT IMPEDANCES vs Vcc FIGURE 4. V+, V- OUTPUT VOLTAGES vs LOAD CURRENT 


Pin Descriptions 


PDIP,CERDIP | SOIC | PINNAME | DESCRIPTION 
External capacitor “+” for internal voltage doubler. 
Ted 2 (|__| irteraty goneratod +10V (ypica supply 

3 


External capacitor “-” for internal voltage doubler. 


External capacitor “+” internal voltage inverter. 


External capacitor “-” internal voltage inverter. 


Internally generated -10V (typical) supply. 


C1- 
C2+ 
C2- 
ee v 
[7 oar 28.282 Taneminer 2 ouput st0v Cypea 
Ray [S292 Receiver 2 np with intemal SK puldown reatorto GND. 


Receiver 2 TTL/CMOS output. 
Transmitter 2 TTL/CMOS input, with internal 400K pullup resistor to Voc. 
Transmitter 1 TTL/CMOS input, with internal 400K pullup resistor to Vcc. 
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Pin Descriptions (continued) 


[por cenoe | soi _[ PINNAME | __———~S~=é SCRIPTION SSCS 
4 Tru] 5-252 Tranter ouputs10V Typcad 


VOLTAGE DOUBLER 


4 


’ 
RC ' 
OSCILLATOR 


VOLTAGE INVERTER 


V- = (V+) 


FIGURE 5. DUAL CHARGE PUMP 


Detailed Description 


The ICL232 is a dual RS-232 transmitter/receiver powered by 
a single +5V power supply which meets all EIA RS232C spec- 
ifications and features low power consumption. The functional 
diagram illustrates the major elements of the ICL232. The cir- 
cuit is divided into three sections: a voltage doubler/inverter, 
dual transmitters, and dual receiversVoltage Converter. 


An equivalent circuit of the dual charge pump is illustrated in 
Figure 5. 


The voltage quadrupler contains two charge pumps which use 
two phases of an internally generated clock to generate +10V 
and -10V. The nominal clock frequency is 16kHz. During 
phase one of the clock, capacitor C1 is charged to Vcc. 
During phase two, the voltage on C1 is added to Vcc, 
producing a signal across C2 equal to twice Vcc. At the same 
time, C3 is also charged to 2Vcc, and then during phase one, 
it is inverted with respect to ground to produce a signal across 
C4 equal to -2Vcc. The voltage converter accepts input 
voltages up to 5.5V. The output impedance of the doubler (V+) 
is approximately 200Q, and the output impedance of the 
inverter (V-) is approximately 450Q. Typical graphs are 
presented which show the voltage converters output vs input 
voltage and output voltages vs load characteristics. The test 
circuit (Figure 3) uses 1,.F capacitors for C1-C4, however, the 
value is not critical. Increasing the values of C1 and C2 will 
lower the output impedance of the voltage doubler and 
inverter, and increasing the values of the reservoir capacitors, 
C3 and C4, lowers the ripple on the V+ and V- supplies. 


T1jn, T2in ff \ 


Tlout: T2ouT ; 10% f VoL 
te —a| |< tp >| 


Instantaneous _ (0-8) (VoH - YOU) 4. (0.8) (VoL - Vou) 
Slew Rate (SR) ~ ty tf 


FIGURE 6. SLEW RATE DEFINITION 


Transmitters 


The transmitters are TTL/CMOS compatible inverters which 
translate the inputs to RS-232 outputs. The input logic thresh- 
old is about 26% of Vcc, or 1.3V for Vcc = 5V. A logic 1 at 
the input results in a voltage of between -5V and V- at the out- 
put, and a logic 0 results in a voltage between +5V and (V+ - 
0.6V). Each transmitter input has an internal 400kQ pullup 
resistor So any unused input can be left unconnected and its 
output remains in its low state. The output voltage swing 
meets the RS-232C specification of +5V minimum with the 
worst case conditions of: both transmitters driving 3kQ mini- 
mum load impedance, Voc = 4.5V, and maximum allowable 
operating temperature. The transmitters have an internally 
limited output slew rate which is less than 30V/us. The outputs 
are short circuit protected and can be shorted to ground indef- 
initely. The powered down output impedance is a minimum of 
3002 with +2V applied to the outputs and Voc = OV. 


V+ 
Voc 


TXIN 
GND < Tyjn < Voc 
V- 


Tout 
V- < Vrout < V+ 


FIGURE 7. TRANSMITTER 


Receivers 


The receiver inputs accept up to +30V while presenting the 
required 3kQ to 7kQ input impedance even it the power is off 
(Vcc = OV). The receivers have a typical input threshold of 
1.3V which is within the +3V limits, known as the transition 
region, of the RS-232 specification. The receiver output is 
OV to Vcc. The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis to improve noise rejection. 
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ICL232 


Vcc 
RxiNn Rout 
-30V < Ryn < +30V GND < Vrout < Voc 
GND 
FIGURE 8. RECEIVER 
T1n, T2iN 
OR 
Rijq, R2in 
T1out T2ouT VoH 
OR 
Riout, R2out ii 
tpHL = tPLH > ell 
t t 
Average Propagation Delay = el 


FIGURE 9. PROPAGATION DELAY DEFINITION 


Applications 


The ICL232 may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 


A simple duplex RS-232 port with CTS/RTS handshaking is 
illustrated in Figure 10. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 


INPUTS RTS 
OUTPUTS 
TTL/CMOS RD 


DTR 
INPUTS DSRS 
O 
TTL/CMOS' DCD 


is generated by driving them through a 5kQ resistor 
connected to V+. 


+5V 


CTR (20) DATA 
TERMINAL READY 


1pF = DSRS (24) DATA 
SIGNALING RATE 
6 SELECT 
2 —: RS-232 
1pF TF - 
; a Y INPUTS AND OUTPUTS 


TD (2) TRANSMIT DATA 


INPUTS 
OUTPUTS 
TTLV'CMOS' RD 


RTS RTS (4) REQUEST TO SEND 


RD (3) RECEIVE DATA 
CTS (5) CLEAR TO SEND 


SIGNAL GROUND (7) 


FIGURE 10. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS 
HANDSHAKING 


In applications requiring four RS-232 inputs and outputs 
(Figure 11), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which 
effectively increases the output swing of the transmitters. 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 

CTS (5) CLEAR TO SEND 


+5V 


RS-232 
INPUTS AND 
OUTPUTS 


DTR (20) DATA TERMINAL 


READY 
DSRS (24) DATA SIGNALING 


RATE SELECT 
DCD (8) DATA CARRIER 


DETECT 
Ri (22) RING INDICATOR 


SIGNAL GROUND (7) 


FIGURE 11. COMBINING TWO ICL232s FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS 
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a HARRIS HIN200 thru HIN213 


+5V Powered RS-232 Transmitters/Receivers 


March 1997 with 0.1Microfarad External Capacitors 


Description 


The HIN200-HIN213 family of RS-232 transmitters/receivers 
interface circuits meet all EIA RS-232E and V.28 specifica- 
tions, and are particularly suited for those applications where 
+12V is not available. They require a single +5V power supply 
(except HIN201 and HIN209) and feature onboard charge 
pump voltage converters which generate +10V and -10V 


Features 
Meets All RS-232E and V.28 Specifications 
Requires Only 0.1,.F or Greater External Capacitors 
120kbit/s Data Rate 
Two Receivers Active in Shutdown Mode (HIN213) 


Requires Only Single +5V Power Supply 
- (+5V and +12V - HIN201 and HIN209) 


Onboard Voltage Doubler/Inverter 


Low Power Consumption (Typ) 


supplies from the 5V supply. The family of devices offers a 
wide variety of RS-232 transmitter/receiver combinations to 
accommodate various applications (see Selection Table). 


The HIN200, HIN206, HIN211 and HIN213 feature a low 
power shutdown mode to conserve energy in battery 


powered applications. In addition, the HIN213 provides two 
active receivers in shutdown mode allowing for easy 
“wakeup” capability. 


Low Power Shutdown Function (Typ) 
Three-State TTL/CMOS Receiver Outputs 


The drivers feature true TTL/CMOS input compatibility, slew 
rate-limited output, and 300Q power-off source impedance. 
The receivers can handle up to +30V input, and have a 3kQ 
to 7kQ input impedance. The receivers also feature hystere- 
sis to greatly improve noise rejection. 


Multiple Drivers 

- +10V Output Swing for +5V Input 
30002 Power-Off Source Impedance 
Output Current Limiting 
TTL/CMOS Compatible 


30V/us Maximum Slew Rate Applications 


Multiple Receivers 

- +30V Input Voltage Range 

- 3kQ to 7kQ Input Impedance 

- 0.5V Hysteresis to Improve Noise Rejection 


e Any System Requiring RS-232 Communications Port 
- Computer - Portable, Mainframe, Laptop 
- Peripheral - Printers and Terminals 
- Portable Instrumentation 
- Modems 


CMOS DATA 
COMMUNICATIONS 


Selection Table 


NUMBER OF 

LOW POWER RECEIVERS 
SHUTDOWN/TTL ACTIVE IN 

THREE-STATE SHUTDOWN 


NUMBER OF 
NUMBER OF | NUMBER OF 0.1,F 
POWER SUPPLY RS-232 RS-232 EXTERNAL 
VOLTAGE DRIVERS RECEIVERS | COMPONENTS 


a OB 
avensoveraa |= | __* | Pcaastos 

Le 
ee 
ee 
es 
ee 
ee 


5 
5 
5 
5 


+ 
+ 
+ 
+ 


5V 
+5V and +9V to 13.2V 


2 Capacitors 
4 Capacitors 
4 Capacitors 


4 Capacitors 


V 
V 
V 
V 
V 
V 
V 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
ight © Harris Corporation 1997 
aia : 5-203 
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HIN200 thru HIN213 


Ordering Information 


[panrwo. | nanae‘@c)| _packace | PKG.No. 
PART NO. | RANGE (°C) PACKAGE 

HIN2011B M16.3 
HIN202CP E16.3 
HIN202CB M16.3 
HIN202IP E16.3 
HIN202CA M16.209 
HIN2021A M16.209 
HIN2021B M16.3 
HIN202CBN M16.15 
HIN2021BN M16.15 
HIN204CB M16.3 
HIN2041B M16.3 
HIN206CP E24.3 
HIN206CB M24.3 
HIN206CA M24.209 
HIN206IP E24.3 
HIN206IB_ M24.3 
HIN2061A M24.209 
HIN207CP E24.3 
HIN207CB M24.3 


Pin Descriptions 


Tee [TION 
—¥—[rrieaty overated neatve spp OV reminah 
[eno [reunites coment 
[ore [eter capac (tna comeneatomiowee 
[er | Baer cpacortominabiscomecodtohislea 
=< 
=< 
Tour 


Lrantno. | ance) | pacKace | pKa. no. 
PARTNO. | RANGE (°C) 


V- 
C1+ 
C1- 
C2+ External capacitor (+ terminal) is connected to this lead. 
C2- External capacitor (- terminal) is connected to this lead. 
Transmitter Inputs. These leads accept TTL/CMOS levels. An internal 400kQ pull-up resistor to Vcc is connected to each lead. 
TouT Transmitter Outputs. These are RS-232 levels (nominally +10V). 

| RIN Receiver Inputs. These inputs accept RS-232 input levels. An internal 5kQ pull-down resistor to GND is connected to each input. 
Receiver Outputs. These are TTL/CMOS levels. 

SD, SD 

NC 


Enable input. This is an active low input which enables the receiver outputs. With EN = 5V, (HIN213 EN = OV), the outputs 
are placed in a high impedance state. 


Shutdown Input. With SD = 5V (HIN213 SD = OV), the charge pump is disabled, the receiver outputs are in a high impedance 


| state (except R4 and R5 of HIN213) and the transmitters are shut off. 


PNG No Connect. No connections are made to these leads. 
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HIN200 thru HIN213 


Pinouts 


HIN200 (SOIC) HIN201 (SOIC) 
TOP VIEW TOP VIEW 


16] V+ 

15] Voc 
14] GND 
13] T1ourt 
12] Rtn 
11] Riout 
10} T1iN 
L9|NC 


+5V 


+5V +9V TO +12V 


Ci+ Vee 
0.1,F +5V TO 10V 
Ci- VOLTAGE DOUBLER 
C2+ 7 +12V TO -12V 
41uF +10V TO -10V [43 0.1,F V- 
0.1, co. VOLTAGE INVERTER Vv. c. VOLTAGE INVERTER ote 
5V : 
+ 
; 2 
TIN T1IN Tlout ” 
6 
<= 
TiN T2in T2out ae 
Oo 
ow Sie 
Ting Rlout Rtin re) = 
== 
Os 
T4 8 
IN 
R2outT R2in 
T5in 
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HIN200 thru HIN213 


Pinouts (Continued) 


0.1,F 


0.1pF 


T11N 


T2iN 


R1out 


R2out 


HIN202 (PDIP, SOIC, SSOP) 
TOP VIEW 


+5V TO 10V 


VOLTAGE INVERTER V+ 


+10V TO -10V 
VOLTAGE INVERTER 


T1out 


T2ouT 


R1in 


R2in 


5-206 


T1iN 


T2iN 


T3iN 


T4in 


HIN204 (SOIC) 
TOP VIEW 


+5V 


0.1nF 
Voc + ‘ 
+5V TO 10V 
VOLTAGE DOUBLER 
+10V TO -10V 
VOLTAGE INVERTER 
0.1pF 
T1ouT 
T2ouT 
T3ouT 
T4ouT 


Pinouts (Continued) 


HIN206 (PDIP, SOIC, SSOP) 
TOP VIEW 


+5V 


Vec 
0.1,.F +5V TO 10V 


VOLTAGE DOUBLER 


VOLTAGE INVERTER 


400kQ MB, 
T1iNn : Me . 


T2in 6 400k02 Ips - 
aoe |, 

” ; wage 

TAs 19 UU be. . 24 


R1out i 
R2ouT —< 
R3ouT i 


HIN200 thru HIN213 


R2in 


R3in 


SD 


5-207 


0.1pF 


0.1F 


T1\n 


T2in 


T3in 


T4in 


T5in 


Riout 


R2outT 


R3oQuT 


HIN207 (PDIP, SOIC, SSOP) 
TOP VIEW 


T3our [1 
Tout [2] 
T2our (3, 
R1jn [4] 
Riour [5 
T2in [6 
T1iN 
GND | 8 | 
Vec [9] 
Ci+ 10) 
V+ [11] 


Ci- 


+5V 


+5V TO 10V 
VOLTAGE DOUBLER 


2+ 
+ | +10V TO -10V 15 


14] >. VOLTAGE INVERTER 


+5V 
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© oe 
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Pinouts (Continued) 


HIN208 (PDIP, SOIC, SSOP) HIN209 (PDIP, SOIC, SSOP) 
TOP VIEW TOP VIEW 
T1IN 
23] T2in 
R2ouT 
21) R2in 
T2outT 
19] Tlout 
18} R3iy 
R3ouT 
16] T3in 
15] NC* 
14] EN 
13] T3ouT 
+5V +5V +9V TO +13.2V 
: 0.1uF 
10 “Ty 
. Vec Le Ci+ Voc 
O.1LF AR 45 +5V TO 10V 0.1,.F +5V TO 10V 
ne VOLTAGE DOUBLER Ci- VOLTAGE DOUBLER y. 
0.1pF 
0.1 uF + +10V TO -10V V- 15 
14]... VOLTAGE INVERTER our 
. T1 Tlout 
+5V 11 ' aL ° 
5 400kQ aes 
T1IN be * T1ouT 
T2in T2ouT 
+5V T2 
400kQ2 
T2in 16 io . 1 T2ouT ; 
T3 30UT 
+5V T3 m 
19 400kQ 24 
T3in had ° T3ouT R1out Rin 
+5V T4 
21 400ko2 20 
T4in - : T4out 
Riout . c Rin 
R2outT : il R2in 
R2 5kQ 
22 aol 23 R4ouT R4in 
R30uT : R3in 
R2 SkQ 
17 = 16 R5out R5in 
R4out -_ R4in 
5kQ an 
R4 EN 
GND 
8 
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Pinouts (Continued) 


HIN211 (SOIC, SSOP) 
TOP VIEW 


HIN200 thru HIN213 


HIN213 (SOIC, SSOP) 
TOP VIEW 


T3ourt [1 
Tout | 2, 
T2our [3] 
R2in [4] 
R2out 5, 
T2in (6. 
THIN 
Riour [8 | 
Rin [9] 
GND fio] 
Vee [11] 
C1+ |12} 
V+ [13] 


Ci- 


NOTE: R4 AND R5 ACTIVE IN SHUTDOWN 


+5V +5V 
Vec 
0.1pF SV TO 10V si al +5V TO 10V 
C1- VOLTAGE DOUBLER ne VOLTAGE DOUBLER 
C2+ 
. + 10V TO -10V 
+ +10V TO -10V 0.1,F + v-L17 
0.1,F 117 
M T_16] ... VOLTAGEINVERTER ve 16] co. VOLTAGE INVERTER OAuF 
. + 
[+ +5V T1 —— 
TiN >. Tout THiNn Ie: Tout 2 
<= 
+5V T2 Ee FE 
T2iN 6 400kQ ess 3 Tour T2in T2ouT aRS) 
O2 
+5V T3 2 = 
20 400kQ 1 
T3in >. ° T3ouT T3iN T30uT oO = 
Oo 
+5V 
- aay T4 - a4 anne, T4 i - O 
8 9 
9 : 
Riout : . @ Rin Riout .| R1in 
5 4 5 4 
R2out = R2in R2outT z —< R2in 
26 27 
R30QuT ——< R3in R3outT ¥ —< | R3in 
22 23 
R4out — R4in R4out 4 —< R4in 
19 18 
R5, . R5in 
R5out —— R5in OUT | 
10 10 
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Absolute Maximum Ratings 


Voo 1 GIOUNG .c62u ce caves ee seenss oss (GND -0.3V) <Vcc < 6V Continuous Power Dissipation (Ta = 70°C) (Typical) 
VETO GIOUNG ... 2c ce nan ca sandanans (Voc -0.3V) <V+ < 12V 16 Lead Plastic SSOP 
V-10 Ground . 600 ccunswwesnancanvena -12V < V- < (GND +0.3V) (Derate 6.45mW/°C above 70°C) ...........-..00005 516mW 
Input Voltages 16 Lead Plastic DIP 
Ti ate oads Geen < ban beinenr eed (V- -0.3V) < Vin < (V+ +0.3V) (Derate 11.1mMW/°C above 70°C) .................05. 888mW 
PU 5.66 etek ows Rodeetaeend ewe ReiNSs we Lee Neat ms ows +30V 24 Lead Plastic DIP (N) 
Output Voltages (Derate 13.3mW/C above 70°C). ...........-.0 0 eee 1067mW 
IGUY i s2tecenseunienst ons (V- -0.3V) < VtxouT < (V+ +0.3V) 16 Lead Plastic SOIC (W) 
Se ee eee (GND -0.3V) < VaxouT < (V+ +0.3V) (Derate 10mW/°C above 70°C). ............ 0. ce eee. 800mW 
Short Circuit Duration 16 Lead Plastic SOIC (N) 
TAH 6 he ccdeeweecag thaneededesengiesases Continuous (Derate 9MW/C above 70°C).............. ee eee 695mWw 
AGT +e esen teow asee rss asew ase snenrd wares Continuous 20 Lead Plastic SOIC (W) 
Lead Temperature (Soldering 10s)................0005. 300°C (Derate 10mW/°C above 70°C). ........... 000. eee 800mW 
(SOIC and SSOP - Lead Tips Only) 24 Lead Plastic SOIC (W) 
ESD Classification ........00ccavcisesescsssuaawars Class 1 (Derate 12.5mW/C above 70°C)...............00 020s 1000mW 
28 Lead Plastic SOIC (W) 
(Derate 13.3mW/C above 70°C). ............00.. eee. 1067mW 
24 Lead Plastic SSOP 
(Derate 7.4mW/°C above 70°C) ..............0 000s 592mW 
28 Lead Plastic SSOP 
(Derate 10mW/°C above 70°C). .............00 000 800mW 
Storage Temperature Range.................005 -40°C to 85°C 
Maximum Die Junction Temperature 
Plastic PACWGGG. ..n 0 cen cee eds es dniewaiaweseaerews 150°C 
Operating Temperature Range 
ilo 2°. 6: ie a er ence pe eee ee 0°C to 70°C 
Pe 56 FARO Eee OE hme sh ents CHES RE SE -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions: Voc = +5V +10%, (Voc = +5V +5% HIN200 and HIN207; V+ = 9V to 13.2V, HIN201 
and HIN209), C1-C4 = 0.1p.F; Ta = Operating Temperature Range 


(raraneren vest conorens Tn [ne [war [os 
20 mA 


HIN200, HIN204-208, 11 
HIN211-213 


mA 


HIN201 


HIN209 


Ta = 25°C HIN200, HIN206, 
HIN211 


Pe 
Pe 
ft 
Input Logic Low, Tin, EN, Vit Tin, EN, SD, EN, SD [=a 
P= | 
aes 
ay 


V+ Power Supply Current, loc 


=) 


Shutdown Supply Current, Io¢c(SD) 


c 


c 


EN, SD, EN, SD 


= 


Receiver Input Impedance, Rij Ta = 25°C, Vin = +3V 


10 

15 

10 
200 
+30 
7.0 


= 
+e) 
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Electrical Specifications Test Conditions: Voc = +5V +10%, (Voc = +5V +5% HIN200 and HIN207; V+ = 9V to 13.2V, HIN201 
and HIN209), C1-C4 = 0.1u.F; Ta = Operating Temperature Range (Continued) 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX — UNITS 
Receiver Input Low Threshold, Vij (H-L) Active Mode pos | 12 f - [ov | 


Shutdown Mode 1.5 V 
HIN213 R4 and R5 


Shutdown Mode 
HIN213 R4 and R5 


Receiver Input Hysteresis, Vuyst - Voc = 5V 0.2 
No Hysteresis in Shutdown Mode 

TTL/CMOS Receiver Output Voltage Low, Vo_ | lout = 1.6mA 
(HIN201-HIN203, loyt = 3.2mA) 


Propagation Delay, tpp 


HIN200 - HIN211 


HIN200, HIN204 to 
HIN211, HIN213 


HIN201, HIN202 


Receiver Input High Threshold, Vij (L-H) 


pr) 
So 
Oo 


Ry = 3kQ, 3 
| C_ = 2500pF 
Measured from 
+3V to -3V or 
-3V to +3V 


(Note 1) 


Output Resistance, Royt Voc = V+ = V- = OV, Vout = +2V 
RS-232 Output Short Circuit Current, Isc Tout shorted to GND 
TTL/CMOS Receiver Output Leakage EN = Vcc, EN = 0, 0V < Rout < Vcc 


NOTE: 
1. Guaranteed by design. 


Transition Region Slew Rate, SRy 


300 


Oo; 
on Co) 


VOLTAGE DOUBLER VOLTAGE INVERTER 


$1 Ci+ $2 V+ 2Vcc $5 C2+ S6 
Vec ace ; on GND 
t + t + ' + 1 + 
; Ci ' C3 1 C2 1 C4 
i = 1 - 1 = 1 = 
GND a a a eee GND 9—o"% ee 
$3! Ci- s4l s7! C2- Ss! 
@-------- teen eee ee ee ee ee ee ¢$-------- - 


RC I S I i 
OSCILLATOR 


FIGURE 1. CHARGE PUMP 
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HIN200 thru HIN213 


Detailed Description 


The HIN200 thru HIN213 family of RS-232 transmitters/receiv- 
ers are powered by a single +5V power supply (except HIN201 
and HIN209), feature low power consumption, and meet all EIA 
RS232C and V.28 specifications. The circuit is divided into 
three sections: the charge pump, transmitter, and receiver. 


Charge Pump 


An equivalent circuit of the charge pump is illustrated in 
Figure 1. The charge pump contains two sections: the 
voltage doubler and the voltage inverter. Each section is 
driven by a two phase, internally generated clock to gener- 
ate +10V and -10V. The nominal clock frequency is 
125kHz. During phase one of the clock, capacitor C1 is 
charged to Vcc. During phase two, the voltage on C1 is 
added to Vcc, producing a signal across C3 equal to twice 
Vcc. During phase two, C2 is also charged to 2Vcc, and 
then during phase one, it is inverted with respect to ground 
to produce a signal across C4 equal to -2Vcoc. The charge 
pump accepts input voltages up to 5.5V. The output 
impedance of the voltage doubler section (V+) is approxi- 
mately 200Q, and the output impedance of the voltage 
inverter section (V-) is approximately 450Q. A typical 
application uses 0.1u.F capacitors for C1-C4, however, the 
value is not critical. Increasing the values of C1 and C2 will 
lower the output impedance of the voltage doubler and 
inverter, increasing the values of the reservoir capacitors, 
C3 and C4, lowers the ripple on the V+ and V- supplies. 


During shutdown mode (HIN200, HIN206 and HIN211, 
SD = Vcc, HIN213, SD = OV) the charge pump is turned off, 
V+ is pulled down to Vcc, V- is pulled up to GND, and the 
supply current is reduced to less than 10yA. The transmitter 
outputs are disabled and the receiver outputs (except for 
HIN213, R4 and R5) are placed in the high impedance state. 


Transmitters 


The transmitters are TTL/CMOS compatible inverters which 
translate the inputs to RS-232 outputs. The input logic thresh- 
old is about 26% of Vcc, or 1.3V for Voc = 5V. A logic 1 at the 
input results in a voltage of between -5V and V- at the output, 
and a logic 0 results in a voltage between +5V and (V+ -0.6V). 
Each transmitter input has an internal 400kQ pullup resistor 
SO any unused input can be left unconnected and its output 
remains in its low state. The output voltage swing meets the 
RS-232C specifications of +5V minimum with the worst case 
conditions of: all transmitters driving 3kQ minimum load 
impedance, Vcc = 4.5V, and maximum allowable operating 
temperature. The transmitters have an internally limited output 
slew rate which is less than 30V/us. The outputs are short cir- 
Cuit protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300Q with 
+2V applied to the outputs and Vcc = OV. 


Receivers 


The receiver inputs accept up to +30V while presenting the 
required 3kQ to 7k&2 input impedance even if the power is off 
(Vcc = OV). The receivers have a typical input threshold of 
1.3V which is within the +3V limits, known as the transition 
region, of the RS-232 specifications. The receiver output is 


OV to Vcc. The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis (except during shutdown) to improve noise rejec- 
tion. The receiver Enable line (EN, on HIN206, HIN209, and 
HIN211, EN on HIN213) when unasserted, disables the 
receiver outputs, placing them in the high impedance mode. 
The receiver outputs are also placed in the high impedance 
state when in shutdown mode (except HIN213 R4 and R85). 


V+ 


Vcc 


TXIN 
GND < Tyin < Voc 


Tout 
V- < Vrout < V+ 


\- 


FIGURE 2. TRANSMITTER 


Vcc 
RXIN Rout 
-30V < Ryn < +30V GND < Vrout < Voc 
GND 
FIGURE 3. RECEIVER 
TIN 
OR 
Rin 
Tout Vv 
ou OL 
Rout — 
tpHL = tPLH —_ 
t t 
AVERAGE PROPAGATION DELAY = eee 


FIGURE 4. PROPAGATION DELAY DEFINITION 


HIN213 Operation in Shutdown 


The HIN213 features two receivers, R4 and R5, which 
remain active in shutdown mode. During normal operation 
the receivers propagation delay is typically 0.5us. This prop- 
agation delay increases to 4us (typical) during shutdown. 
When entering shut down mode, receivers R4 and R5 are 
not valid for 80us after SD = V),. When exiting shutdown 
mode, all receiver outputs will be invalid until the charge 
pump circuitry reaches normal operating voltage. This is typ- 
ically less than 2ms when using 0.1p.F capacitors. 
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Typical Performance Curves 


V- SUPPLY VOLTAGE (V) 


3.0 3.5 4.0 4.5 5.0 5.5 6.0 


FIGURE 5. V- SUPPLY VOLTAGE vs Vcc 


Test Circuits (HIN-202) 


+4.5V TO 
+5.5V INPUT 
O.1pF LS 
C3 Ty 
ku oiled 
0.1pF Lt - -— 
ci T- 
T1 OUTPUT == 
0.1nF + RS-232 +30V INPUT 
' See TTLICMOS OUTPUT 
cede TTLICMOS INPUT 
== 0.1F C4 
3kQ TTL/CMOS INPUT 
——— TTLICMOS OUTPUT 
~ T2 
OUTPUT 
RS-232 
+30V INPUT 


FIGURE 7. GENERAL TEST CIRCUIT 


SUPPLY VOLTAGE (IVI) 


5-213 


TRANSMITTER OUTPUTS 
OPEN CIRCUIT 
0 5 10 15 20 25 
IlLoap! (mA) 


FIGURE 6. V+, V- OUTPUT VOLTAGE vs LOAD 


T2ouT 


Rout = Vin/! 


TloutT 


FIGURE 8. POWER-OFF SOURCE RESISTANCE 
CONFIGURATION 
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Application Information 


The HINXXX may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 


A simple duplex RS-232 port with CTS/RTS handshaking is 
illustrated in Figure 9. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5kQ_ resistor 
connected to V+. 


In applications requiring four RS-232 inputs and outputs 
(Figure 10), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which 
effectively increases the output swing of the transmitters. 


INPUTS RTS 
OUTPUTS 

TTL/CMOS RD 

cTS 

C4 
+ 

Ci + 

O.1pF = 

DTR 

INPUTS DSRS 
OUTPUTS 

TTL/CMOS DCD 


Ri 


+5V 


CTR (20) DATA 


Ci + TERMINAL READY 
O.1pF . DSRS (24) DATA 
SIGNALING RATE 
SELECT 
C2 + 
0.1pF - RS-232 
INPUTS AND OUTPUTS 
TD TD (2) TRANSMIT DATA 
INPUTS RTS RTS (4) REQUEST TO SEND 
OUTPUTS 
Trucmos’ AD RD (3) RECEIVE DATA 
CTS CTS (5) CLEAR TO SEND 
SIGNAL GROUND (7) 


FIGURE 9. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS 
HANDSHAKING 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 

CTS (5) CLEAR TO SEND 


+5V 


RS-232 
INPUTS AND OUTPUTS 


DTR (20) DATA TERMINAL READY 

DSRS (24) DATA SIGNALING RATE SELECT 
DCD (8) DATA CARRIER DETECT 

Ri (22) RING INDICATOR 


SIGNAL GROUND (7) 


FIGURE 10. COMBINING TWO HIN202s FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS 
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Die Characteristics 


DIE DIMENSIONS: 
160 mils x 140 mils 


METALLIZATION: 


Type: Al 
Thickness: 10kA +1kA 


SUBSTRATE POTENTIAL 
V+ 


Metallization Mask Layout 


i . 

Ee Us We | 
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R4in 


PASSIVATION: 


Type: Nitride over Silox 


Nitride Thickness: 8kA 


Silox Thickness: 7kA 


TRANSISTOR COUNT: 


238 


PROCESS: 


HIN211 
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CMOS Metal Gate 
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ao AARRIS HIN230 thru HIN241 


March 1997 +5V Powered RS-232 Transmitters/Receivers 


Features Description 


¢ Meets All RS-232C and V.28 Specifications The HIN230-HIN241 family of RS-232 transmitters/receivers 
, ; interface circuits meet all EIA RS-232C and V.28 specifications, 
Requires Only Single +5V Power Supply and are particularly suited for those applications where +12V is 
- (+5V and +12V - HIN231 and HIN239) not available. They require a single +5V power supply (except 
HIN231 and HIN239) and features onboard charge pump volt- 
age converters which generate +10V and -10V supplies from 
Low Power Consumption the 5V supply. The family of devices offer a wide variety of 
RS-232 transmitter/receiver combinations to accommodate 
various applications (see Selection Table). 


Onboard Voltage Doubler/Inverter 


Low Power Shutdown Function 


cea ia a The drivers feature true TTL/CMOS input compatibility, slew- 
Multiple Drivers rate-limited output, and 300Q power-off source impedance. 
- +10V Output Swing for +5V Input The receivers can handle up to +30V, and have a 3kQ to 7kQ 

300Q Power-Off Source Impedance input impedance. The receivers also feature hysteresis to 


Output Current Limiting greatly improve noise rejection. 


TTL/CMOS Compatible 


30V/us Maximum Slew Rate Applications 


e« Any System Requiring RS-232 Communications Port 
- Computer - Portable, Mainframe, Laptop 
- Peripheral - Printers and Terminals 
- Portable Instrumentation 
- Modems 


Multiple Receivers 

- +30V Input Voltage Range 

- 3kQ to 7kQ Input Impedance 

- 0.5V Hysteresis to Improve Noise Rejection 


Selection Table 


NUMBEROF | NUMBER OF LOW POWER 
PART POWER SUPPLY RS-232 RS-232 EXTERNAL SHUTDOWN/TTL NUMBER OF 
NUMBER VOLTAGE DRIVERS RECEIVERS | COMPONENTS THREE-STATE. 


4 Capacitors NO/NO 


HIN236 


HIN237 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |C Handling Procedures. File Number 31 38 3 
Copyright © Harris Corporation 1997 5-216 
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Ordering Information 


NUMBER |RANGE(°C)| PACKAGE 

rnasoey [oe | 

nasiey | _oe sd 
( 
( 


W) : 

W) 

W) 
CC 
Ce nC 
fanzssy [foe «iY 


Pin Descriptions 


in a high impedance state. 


the transmitters are shut off. 


[ex [ereunias Comectov 
[cr] roma capactr (torial scomeseaiosiees 
[cr | Ser eapactor Ciomina comosodio island 


C2- External capacitor (- terminal) is connected to this lead. 


Transmitter Inputs. These leads accept TTL/CMOS levels. An internal 400kQ pull-up resistor to Vcc is 
connected to each lead. 


GND 
Ci+ 
C1- 
Transmitter Outputs. These are RS-232 levels (nominally +10V). 


Receiver Inputs. These inputs accept RS-232 input levels. An internal 5kQ pull-down resistor to GND is connected 
to each input. 


Receiver Outputs. These are TTL/CMOS levels. 


Enable input. This is an active low input which enables the receiver outputs. With EN = 5V, the outputs are placed 


Shutdown Input. With SD = 5V, the charge pump is disabled, the receiver outputs are in a high impedance state and 


No Connect. No connections are made to these leads. 


NUMBER _ | RANGE (°C) 

fe 
eS Cc 
ES Cc 
eC 


HIN2391B 
HIN239BY 
HIN240CN 
HIN240IN 

HIN240BY 


HIN241CB 
HIN2411B 
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Pinouts 


1pF 


1pF 


T1iN 


T2in 


T3in 


T4in 


T5iN 


HIN230 thru HIN241 


HIN230 (SOIC) 
TOP VIEW 
T30UT 
T1OUT 
T2OUT 


T2IN 
T1IN 
GND 
vcc 
C1+ 
V+ 
C1- 


HIN230 (SOIC) 


+5V 


Voc 


+5V TO 10V 
Ci- VOLTAGE DOUBLER 


2 
aes +10V TO -10V 


_ VOLTAGE INVERTER 


C2 


a 
—_ 


> 
> 
Ss. 


~ 
> 


re 

oi ; 
-+ 
> 
oe) 
= 
4 


T5ouT 


8 
5 
‘ 


SHUTDOWN 
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HIN231 (SOIC) 
TOP VIEW 


HIN231 (SOIC) 


+5V +7.5V TO +12V 
15 
ve +12V TO -12V 


al c. VOLTAGEINVERTER 


HIN230 thru HIN241 


Pinouts (continued) 


HIN232 (PDIP, CERDIP, SOIC) HIN234 (SOIC) 
TOP VIEW TOP VIEW 
Tlout 1 
T2our L2. 
T2y 13. 
Ti 14) 


GND [5] 
Veco LS. 
Ci+ 

v+ [8 | 


HIN232 (PDIP, CERDIP, SOIC) HIN234 (SOIC) 
+5V +5V 


1pF 
1pF +5V TO 10V 
1pF Ci- VOLTAGE DOUBLER 
1uF +5V TO 10V Vo . 
VOLTAGE INVERTER 1yF +10V TO -10V 
_ VOLTAGE INVERTER 1WF 
1uF +10V TO -10V " 
_ VOLTAGE INVERTER uF Thy Tene 
~) 
za 
T1N Tlout T2in T2ouT < 2 
qa 
Qo 
rp) ee 
T2in T2ouT T3in T3oQuT = = 
= 
Ri Os 
R1 IN 
= T4n T4out 8 
R2ouT R2in 
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Pinouts (Continued) 
HIN236 (PDIP, SOIC) 


TOP VIEW HIN237 (PDIP, SOIC) 


TOP VIEW 


T3our L1 
Tour L2J 
Tour L3. 
Rin [4 
R1out 
T2in 
TN 
GND 
Voc 
Ci+ 
V+ 
Ci1- 


HIN236 (PDIP, SOIC) HIN237 (PDIP, SOIC) 
+5V 
+5V ; 
i, 1LF 
UF aL a | m 
+ 
‘ue ILF AN 40 +5V TO 10V 
+5V TO 10V VOLTAGE DOUBLER 
VOLTAGE DOUBLER 13 
Cas we et +10V TO -10V 15 
‘ues H0VTO-10V Nas oP VOLTAGE INVERTER " 
14 2. VOLTAGE INVERTER 1uF 1pF 


400kQ . = T1 T1 
Tw — be . Tlour IN OUT 
+5V T2 
T2 T2 
T2N 6 400kQ S 3 T2ouT IN OUT 
+5V T3 
ee S 1 T3our TSN T8ourT 
baa kQ ly T4, T4 
19 0 24 N OUT 
Tain > T4our 


T5outT 


Rin 


Riout TSIN 
R1 : 
OUT 
22 23 
; | R2in 


R2ouT ——— 
22 23 
R2out : Gj R2in 
17 16 
R3quT —< | R3iNn 
=| | 2 i 
ia SHUTDowN _—*SouT : i 
8 


R3in 
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HIN230 thru HIN241 


Pinouts (Continued) 


HIN238 (PDIP, SOIC) HIN239 (SOIC) 
TOP VIEW TOP VIEW 
Riout [1 24] TIN 
Rin [2 T2in 
GND | 3| R2ouT 
Vec [4] 21] Rin 
V+ 15] 20| T2ourT 
Ci+| 6 19] Tlout 
C1- 18] R3yy 
V- R3outT 


R5in | 9 | 16] T3in 
R5ourt {10} 15] NC* 
R4ourt [11] EN 

R4jn [12] 13] T3qur 


HIN238 (PDIP, SOIC) HIN239 (SOIC) 
+5V +5V +7.5V TO +13.2V 
1pF 
+ 
1pF +5V TO 10V 1pF +10V TO -10V 
VOLTAGE DOUBLER VOLTAGE INVERTER sy. 
ro) 1yF 
wet | ttovTo-tov, Its 
14) 42. VOLTAGE INVERTER 1uF 
. TIN T1ouT 
+5V T1 , = 
5 400kQ ~ 
THN La Nour T2 T2outT 
IN 
+5V T2 ; 
400kQ 
Ty. ee = ie T2ouT “4 
OUT 


7) 

6 
C4 
> 
ao 
n> 
05 
== 
Os 
O 
Oo 


00 24 
T3in = > : 


T4in ch = be . = T4out 
“i R1in 


Riout : 
R2ouT : <i R2in 
R3in 


R3outT : 
” aN ga . 
EN 


R2in 


R3in 


R4in 


R5in 
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HIN230 thru HIN241 


Pinouts (Continued) 


HIN240 (MQFP) HIN241 (SOIC, SSOP) 
TOP VIEW 

T3ourt | 1] 

Tout | 2| 
; ™ T2ourt | 3] 
2 NC Rn 14] 

R 
‘ an 2ouT | 5. 
4 ye T2in [8 
P C2- Tin 
6 C2+ Riout | 8 
7 C1- Rtn | 9| 
8 V+ GND f10) 
9 Ci+ Voc 11] 

NC Ci+ 
NC V+ |13 
TOU a 
TOOUUduUOgUuUOUoOUL 
O fF 2Z22r 2a 8 oOo Oo 
2 - 2e- 
= & Ry F Ce 3 os 
x x 
HIN240 (MQFP) HIN241 (SOIC, SSOP) 
+5V “% +5V 
11 
1pF 12 1pF 
m Ci+ 13 | + 
1pF +5V TO 10V TUF 44 +5V TO 10V 
= VOLTAGE DOUBLER - C1- VOLTAGE DOUBLER 
C2+ 
; +10V TO -10V 30 + +10V TO -10V 17 
1pF AN 29 cp. VOLTAGE INVERTER V- THF aR 46 VOLTAGE INVERTER 1“ 


ae P= 
Thy — = > _ Mout Tu <= > Tlout 
Tan eat - Tout ly — ree 3 T2our 
T3in 37 eat 6 T39uT T3py 20 7 00kQ 1 Tour 
Tay 22 watt 5 T4gut ty, 2 = 00kx) 28 Tour 


7 
SOUT sr 5kQ 
16 17 
Rlout -<l ronh 5 = 4 
R2out =e. R2in 
bis is » R2 it: ei 
R2out . | IN 26 = 27 
a R3qut = R3in 
5kQ 
3 4 R3 
R3ouT —— <j R3in 22 = = 23 
R4out =< R4in 
39 40 - 
R4our 0 IN 19 18 
| R5out gee R5in 
RSout << RSIN EN SHUTDOWN 
EN SHUTDOWN 
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HIN230 thru HIN241 


Absolute Maximum Ratings Thermal Information 
WOH Oh GIOUNG . gas hon secdceus ed abun (GND -0.3V) <Vcc¢ <6V Continuous Total Power Dissipation (Ta = 25°C) 
V+to Ground ............ 0.00 eee (Voc -0.3V) < V+<12V Package Bya (CCIW) 8yc(°C/W) 
> TAIOUNG ov ve eas see ee oe ee ew ewe -12V < V- < (GND +0.3V) 1G LG PDIP PACKAUG «icc ccencvenns 90 N/A 
Input Voltages 24.Ld PDIP Package ... 2.6.20 0seees 75 N/A 
Ni, puasadceasueasteckede sh 4: (V- -0.3V) < Vin < (V+ +0.3V) 16 Ld SOIC (W) Package .......... 100 N/A 
| CERER TELE LUL LATE ETRE CLEC CLT e ee eee +30V 24 Ld SOIC Package.............. 80 N/A 
Output Voltages 28 LO SOIC Package... sssenwesens 15 N/A 
TQUf stess0crcceeeacacane (V- -0.3V) < VtxouT < (V+ +0.3V) 28 Ld SSOP Package .............. 100 N/A 
ct ee eee cere Tere (GND -0.3V) < VaxouT < (V+ +0.3V) 44 Ld MQFP Package............. 80 N/A 
Short Circuit Duration 16 Ld CERDIP Package ............ 80 18 
PORE cease ackeu rea rre hi haps haoesaayeextn Continuous Storage Temperature Range................... -65°C to 150°C 
AQUTs sess oneness uetansaveseenian en caewies Continuous Maximum Die Junction Temperature 
Lead Temperature (Soldering 10s).................005. 300°C Plastic Package... 0.0.0... ccc cece eee eee ees 150°C 
(SOIC, SSOP, MQFP - Lead Tips Only) Coramic Package ....4s0sc0encesswecrwewewnncaves 175°C 
Operating Temperature Range 
PURPAMAG Aas ckce cD aK SSO DRED FEET S Fede nwe 0°C to 70°C 
HIN-XKDR, eave ces ebeebwbweetee wea eedes -40°C to 85°C 
FUINCRARI Ms oss cn ooo eee RO Ame e DERE -55°C to 125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Test Conditions: Vcg = +5V +10%, Ta = Operating Temperature Range 


_Pananeren——d[——stesrcowomons wn] TP] WAX | UNTS | 


V+ Power Supply Current, Ioc HIN231 
HIN239 


Input Logic Low, Tiy, EN, Vip Tin, EN, Shutdown 


input Logic High, Vi 
EN, Shutdown 


[RS-20¢ put Volago Range Vn 
[Recoverinpcthstess wer | 


TTL/CMOS Receiver Output Voltage Low, Vo, | loyt = 1-6mA 
(HIN231-HIN232 Igyt = 3.2mA) 


TTL/CMOS Receiver Output Voltage High, Voy | lout = -1.0mA 


> 


a 
> 


5.0 mA 


af ua — 
o;o Oo 
> 


ie) 


= 


2.4 
-30 +30 


+e) 


3.5 


~~, Sy 2] | = = - * 
olf —-F] Ont pd o foe) 


Output Enable Time, ten HIN236, 239, 240, 241 400 
Output Disable Time, tpis HIN236, 239, 240, 241 250 


” 


Propagation Delay, tpp RS-232 to TTL 
Instantaneous Slew Rate, SR Cy = 10pF, Ry. = 3kQ, Ta = 25°C (Note 1) 


Transition Region Slew Rate, SRy Ry = 3kQ, C, = 2500pF Measured from 
+3V to -3V or -3V to +3V 


Output Resistance, Royt Voc = V+ = V- = OV, Vout = +2V 300 
RS-232 Output Short Circuit Current, Isc Tout shorted to GND 


NOTE: 1. Guaranteed by design. 


Ww 


! " 
- ro) 


0 V/us 


V/us 


ie) 
io) 


> 


+ 
— 
oO 
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HIN230 thru HIN241 


VOLTAGE DOUBLER 


VOLTAGE INVERTER 


V+=2Vcc 


Veo O——o% 


GND en Vec 
S3 


os 
RC ' 
OSCILLATOR 


GND a Te 
l 
| 


V- = -(V+) 


FIGURE 1. CHARGE PUMP 


Detailed Description 


The HIN230 thru HIN241 family of RS-232 transmitters/receiv- 
ers are powered by a single +5V power supply (except HIN-231 
and HIN239), feature low power consumption, and meet all EIA 
RS-232C and V.28 specifications. The circuit is divided into 
three sections: the charge pump, transmitter, and receiver. 


Charge Pump 


An equivalent circuit of the charge pump is illustrated in Figure 
1. The charge pump contains two sections: the voltage dou- 
bler and the voltage inverter. Each section is driven by a two 
phase, internally generated clock to generate +10V and -10V. 
The nominal clock frequency is 16kHz. During phase one of 
the clock, capacitor C1 is charged to Vcc. During phase two, 
the voltage on C1 is added to Vcc, producing a signal across 
C3 equal to twice Vcc. During phase one, C2 is also charged 
to 2Vcc, and then during phase two, it is inverted with respect 
to ground to produce a signal across C4 equal to -2Vcoc. The 
charge pump accepts input voltages up to 5.5V. The output 
impedance of the voltage doubler section (V+) is approxi- 
mately 2000, and the output impedance of the voltage 
inverter section (V-) is approximately 450Q. A typical applica- 
tion uses 1.F capacitors for C1-C4, however, the value is not 
critical. Increasing the values of C1 and C2 will lower the out- 
put impedance of the voltage doubler and inverter, increasing 
the values of the reservoir capacitors, C3 and C4, lowers the 
ripple on the V+ and V- supplies. 


During shutdown mode (HIN230, 236, 240 and 241), SHUT- 
DOWN control line set to logic “1”, the charge pump is 
turned off, V+ is pulled down to Vcc, V- is pulled up to GND, 
and the supply current is reduced to less than 10uA. The 
transmitter outputs are disabled and the receiver outputs are 
placed in the high impedance state. 


Transmitters 


The transmitters are TTL/CMOS compatible inverters which 
translate the inputs to RS-232 outputs. The input logic thresh- 
old is about 26% of Vcc, or 1.3V for Voc = 5V. A logic 1 at the 
input results in a voltage of between -5V and V- at the output, 
and a logic 0 results in a voltage between +5V and (V+ -0.6V). 
Each transmitter input has an internal 400kQ pullup resistor 
SO any unused input can be left unconnected and its output 
remains in its low state. The output voltage swing meets the 
RS-232C specifications of +5V minimum with the worst case 
conditions of: all transmitters driving 3kQ minimum load 
impedance, Voc = 4.5V, and maximum allowable operating 
temperature. The transmitters have an internally limited output 


slew rate which is less than 30V/us. The outputs are short cir- 
cuit protected and can be shorted to ground indefinitely. The 
powered down output impedance is a minimum of 300Q with 
+2V applied to the outputs and Vcc = OV. 


TXIN 
GND < Tyin < Voc 


Tout 
V- < VroutT < V+ 


V- 
FIGURE 2. TRANSMITTER 


Receivers 


The receiver inputs accept up to +30V while presenting the 
required 3kQ to 7kQ input impedance even it the power is off 
(Vcc = OV). The receivers have a typical input threshold of 
1.3V which is within the +3V limits, known as the transition 
region, of the RS-232 specifications. The receiver output is 
OV to Vcc. The output will be low whenever the input is 
greater than 2.4V and high whenever the input is floating or 
driven between +0.8V and -30V. The receivers feature 0.5V 
hysteresis to improve noise rejection. The receiver Enable 
line EN, when set to logic “1”, (HIN236, 239, 240, and 241) 
disables the receiver outputs, placing them in the high 
impedance mode. The receiver outputs are also placed in 
the high impedance state when in shutdown mode. 


Vec 
Rxin Rout 

-30V < Ryjpn < +30V GND < Vrout < Voc 
GND 


FIGURE 3. RECEIVER 


tPHL: <a tpLH > <a 


t t 
Average Propagation Delay = ae 


FIGURE 4. PROPAGATION DELAY DEFINITION 
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HIN230 


Typical Performance Curves 


thru HIN241 


Lu — 
> 
¢ = 
=| o 
< 
> 5 
2 2 
i) a 
7) a 
3 S 
Ww 
Ta = 25°C 
TRANSMITTER OUTPUTS 
OPEN CIRCUIT 
0 5 10 15 20 25 30 35 
lLoap! (mA) 
FIGURE 5. V- SUPPLY VOLTAGE vs Vcc, VARYING CAPACITORS FIGURE 6. V+, V- OUTPUT VOLTAGE vs LOAD 


Test Circuits (HIN-232) 


+4.5V TO 
+5.5V INPUT 
1pF I 
C3 J, 
a= = 
C1 T- 
T1 OUTPUT == 
iuet RS-232 +30V INPUT 
C2- TTL/CMOS OUTPUT 
opcik TTL/CMOS INPUT 
 4F C4 
ska HFS TTL/CMOS INPUT 
aia TTL/CMOS OUTPUT 
a T2 
OUTPUT 
RS-232 
+30V INPUT 


FIGURE 7. GENERAL TEST CIRCUIT 


FIGURE 8. POWER-OFF SOURCE RESISTANCE CONFIGURATION 
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HIN230 thru HIN241 


Applications 


The HINXXX may be used for all RS-232 data terminal and 
communication links. It is particularly useful in applications 
where +12V power supplies are not available for conven- 
tional RS-232 interface circuits. The applications presented 
represent typical interface configurations. 


A simple duplex RS-232 port with CTS/RTS handshaking is 
illustrated in Figure 9. Fixed output signals such as DTR 
(data terminal ready) and DSRS (data signaling rate select) 
is generated by driving them through a 5kQ resistor 
connected to V+. 


In applications requiring four RS-232 inputs and outputs 
(Figure 10), note that each circuit requires two charge pump 
capacitors (C1 and C2) but can share common reservoir 
capacitors (C3 and C4). The benefit of sharing common res- 
ervoir capacitors is the elimination of two capacitors and the 
reduction of the charge pump source impedance which 
effectively increases the output swing of the transmitters. 


INPUTS RTS 
OUTPUTS 
TTL/CMOS RD 


DTR 


INPUTS 
OUTPUTS 
TTL/CMOS DCD 


DSRS 


R1 


+5V 


CTR (20) DATA 
TERMINAL READY 
DSRS (24) DATA 
SIGNALING RATE 
SELECT 


RS-232 


1pF 
INPUTS AND OUTPUTS 
TD TD (2) TRANSMIT DATA 
INPUTS’ RTS RTS (4) REQUEST TO SEND 
OUTPUTS 
TTLICMOS' RD RD (3) RECEIVE DATA 


CTS (5) CLEAR TO SEND 


SIGNAL GROUND (7) 


FIGURE 9. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS 
HANDSHAKING 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 

CTS (5) CLEAR TO SEND 


+5V 


RS-232 
INPUTS AND OUTPUTS 


DTR (20) DATA TERMINAL READY 

DSRS (24) DATA SIGNALING RATE SELECT 
DCD (8) DATA CARRIER DETECT 

R1 (22) RING INDICATOR 


SIGNAL GROUND (7) 


FIGURE 10. COMBINING TWO HIN232s FOR 4 PAIRS OF RS-232 INPUTS AND OUTPUTS 
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HIN230 thru HIN241 


Die Characteristics 
DIE DIMENSIONS: PASSIVATION: 


160 mils x 140 mils Type: Nitride over Silox 
Nitride Thickness: 8 


METALLIZATION: Silox Thickness: 7kA 
Type: Al 
Thickness: 7 OKA in +HkA TRANSISTOR COUNT: 

238 

SUBSTRATE POTENTIAL 

PROCESS: 


V+ 
CMOS Metal Gate 


Metallization Mask Layout 
HIN240 


T2out Tlout T390ut T4out F3in R3oqut TS5IN 


R2in 


SHUTDOWN 
R2outT 
ih == t EN 
T2in | u al 
: aa 

T1IN | Sr ear =a TSouT . 
za 
Rlout R4iN < o 
- 
a6 
n> 
2 > 
= 
Os 
@) 

Rtn | 1 R4our 

| Tay 

GND { ‘ 
| T3in 
i RSout 
Vcc 
I R5in 


5-227 


at 


— 


MICROPROCESSOR 
PRODUCTS 


CMOS MEMORY 


PAGE 

HM-XXXX Series Low Voltage Data Retention.............. 0... ccc ccc eee eee e nent eee eee 6-3 

Industry CMOS RAM Cross Reference. ..... 0.0.0.0... 0... ccc eee eee eee ee eee eee e eee eeeeee 6-4 

CMOS Memory Data Sheets 
CDP1821C/3 High-Reliability CMOS 1024-Word x 1-Bit Static RAM .......... 0... cece eee eee 6-5 
CDP 1822, 256-Word x 4-Bit LSI Static FAM ow nn cccccuctccdauaaeeeseeenn ervey ebaneendesaubans 6-11 
CDP1822C 
CDP1822C/3 High-Reliability CMOS 256-Word x 4-Bit LSI Static RAM. ... 0... 0... 0... cece eee eee 6-19 
CDP1823, 126-Ward % B-BR LS! SIC AAM wctcciacciwee eens r wn eee d ree naend ee en ean ee everes 6-24 
CDP1823C 
CDP1823C/3 High-Reliability CMOS 128-Word x 8-Bit Static RAM ......... 0.0... ccc cece eee ees 6-31 
CDP 1824, Oeil BCE SIGIC AM, iocie ney cee¥aveceess cavee va senibsaneees tae Gowad bedare 6-37 
CDP1824C 
CDP1824/3, High-Reliability CMOS 32-Word x 8-Bit Static Random-Access Memory................... 6-42 i 
CDP1824C/3 c 
CDP1826C CMOS 64-Word x 8-Bil Static FAM. 2 icc case cc cee ces ween ed eseaswaeeeaauena mene we 6-47 = 
MWS5101, 256-Word x 4-Bit LSI Static RAM ..........0ccccceeeceveeeeeeveeeeveeeeeeeeeeeeees 6-56 “i 
MWS5101A oO 
HM-6508 TESTE 1 CMOS OA cc cnctavet oa ee5c0essbneetavke sand eeiesaeresnsreeshbiss ce 508 6-63 5 
HM-6508/883 1U24. % 1 CMOS FAM cis on ei o6- 200500 nS 29 06469395099 05-0900 90645 REN eR EOS EEK Ew EO 6-69 
HM-6518 1026S 1 OMS BOM ss ts nage csoneeasasedesus eens et ee eed tceus ven bode eueeexs 6-78 
HM-6518/883 1020 TR A Cah eee cd MK eee eke ase ened Sues Re feeenes a het eee ness oun 6-85 
HM-6551 cee Be eo) ee ee ee ees er ee ee ee ee rr eee ey Tee 6-94 
HM-655 1/883 Coe a ba ed) ee re ee ee ee re ee rer 6-101 
HM-6561 2 ee |S | ae a a en eee ee ee er 6-110 
HM-6561/883 220 © SGCMOS FAM 055 o66 6 FE 4 FREER EEO HE t9Hs REO ROTO HDS OE EEEEd SEE HSRESOON LOGS 6-117 
HM-6504 Bre 1 ehaceen tee piaraduseeaeeesskceehekecad eetsiunekecanneeseeue 6-126 
HM-6504/883 B00 eT Ce BA cataren shea veniam aeees 466 este We bemee onan rea SEEK Cees 6-134 
HM-6514 TOM SACO S AD cna seseecekere sae 4neeniderteskene eo 40a0sys bo-04 400 054548462 6-144 
HM-6514/883 TOE eS Oe A) batched evesed yas 9 ses £64405665100008 5408 bhE 0b bho eS ub eKas 6-151 
MWS5114 1024-Word x 4-Bit LSI Statio RAM occ cccckee ceeceseee eben bend vanced aww rawdeaseens 6-160 
HM-6516 a RS Ce 6a wl 4s hoe a he DS aoa se CEREEM KER OARE LORE EeGadenodanasepes 6-167 


HM-6516/883 
HM-65162 
HM-65162/883 
HM-65262 
HM-65262/883 
HM-65642 
HM-65642/883 
HM-6642 
HM-6617 
HM-6642/883 
HM-6617/883 
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HM-XXXX Series Low Voltage Data Retention 


HARRIS HM-XXXX Series CMOS RAMs are designed with 
battery backup in mind. Data retention voltage and supply 
current are guaranteed over temperature. The following rules 
insure data retention: 


1 


Chip Enable (E) must be held high during data retention; 
within VCC to VCC +0.3V 


2. On RAMs which have selects or output enables (e.g. S, 


G), one of the selects or output enables should be held in 
the deselected state to keep the RAM outputs high im- 
pedance, minimizing power dissipation. 


DATA RETENTION TIMING 


3. 


4. 


All other inputs should be held either high (at CMOS VCC) 
or at ground to minimize ICCDR. 


Inputs which are to be held high (e.g. E) must be kept be- 
tween VCC +0.3V and 70% of VCC during the power up 
and power down transitions. 


. The RAM can begin operation one TEHEL (for synchro- 


nous RAMs) and >5ns (for asynchronous RAMs) after 
VCC reaches the minimum operating voltage (4.5 volts). 


DATA RETENTION MODE ——————_—_—__> 


vcc 


Yip 


VCC 2 2.0V 
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4.5V 
SEE NOTE 5 
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Industry CMOS RAM Cross Reference 


FUJI- HIT- MITSU- | MOT- NAT- ) HARRIS/ TOSH- NMOS, 
DESCRIPTION TSU ACHI IDT BISHI | OROLA| IONAL RCA IBA OTHER 
1K CMOS RAMs 
1k x 1, 16 Pin Synchronous HM-6508 8401 6508 6508 443 6508 5508 | 2125, 4015 
74C929 | 1821 
1K x 1, 18 Pin Synchronous HM-6518 6518 
74C930 
256 x 4, 22 Pin Synchronous HM-6551 6551 1822 5101 2101 
74C920 5101 


4K CMOS RAMs 
4K x 1, 18 Pin Synchronous HM-6504 | 92L44 8404 4315 5504 
6147 
HM-6514 | 91L14 8414 4334 58981 6514 444 5114 5114 5514 
91L24 6148 5115 
16K CMOS RAMs 
2X8, 24Pin Synchronous HMesTs TT - [| ae ae Se ae a 


2K x 8, 24 Pin Asynchronous HM-65162 8416 a9 17 ar 16 mle 16 5128 6116 2016 5517 | 4802, 2116, 
2016, 4016 

16K x 1, 20 Pin Asynchronous | HM-65262 8167 6167 6167 2267 2167, 
2367 8167,1400 


64K CMOS RAMs 
HM-65642 | 99C88 | 8808A | 8464 5164 6164 6164 4464 2064 5564 
HM- 8808 2264 5565 
8808AT 
HM-8808+ 
128K CMOS RAM MODULE 


8K x 8, 28 Pin Asynchronous 
[TEKX8,28Pin Asynchronous THMeBTHT - TeerT [| | | | | J | | | | 


256K CMOS RAM MODULE 
32K x 8/16K x 16 48 Pin Moduie | HM-92560 

Asynchronous HM-92570 
32K x 8 28 Pin Module HM-8832 8832 

Asynchronous 


HARRIS CMOS RAMs 


2141, 2147, 
315D, 4104, 
4404 


2114, 2148, 
2149, 4045, 
314A 


1K x 4, 18 Pin Synchronous 


1M CMOS MODULE 
a a Ee ee ee ee ee ee ee 


+ CMOS RAM Module 


fom CDP1821C/3 


High-Reliability CMOS 
March 1997 1024-Word x 1-Bit Static RAM 


aD 


Features Description 


¢ Static CMOS Silicon-On-Sapphire Circuitry CD4000- The CDP1821C/3 is a 1024-word x 1-bit CMOS silicon-on-sap- 
Series Compatible phire (SOS), fully static, random-access memory designed for 

use in CDP1800 microprocessor systems. This device has a 

recommended operating voltage range of 4V to 6.5V. 


The output state of the CDP1821C/3 is a function of the 
input address and chip-select states only. Valid data will 
Single Voltage Supply appear at the output in one access time following the latest 
address change to a selected chip. After valid data appears, 
the address may be changed immediately. It is not neces- 
Low Quiescent and Operating Power sary to clock the chip-select input or any other input terminal 

for fully static operation; therefore the chip-select input may 
Separate Data Inputs and Outputs be used as an additional address input. When the device is 
High Noise Immunity 30% of Vpp_—iin. an unselected state (CS = 1), the internal write circuitry 

and output sense amplifier are disabled. This feature allows 
Memory Retention for Standby Battery Voltage Down the three-state data outputs from many arrays to be OR-tied 
to 2V at +25°C to a common bus for easy memory expansion. 


Compatible with CDP1800-Series Microprocessors at 
Maximum Speed 


Fast Access Time 100ns Typ. at Vpp = 5V 


No Precharge or External Clocks Required 


Latch-Up-Free Transient-Radiation Tolerance 


Ordering Information 


PART 
TEMP. RANGE NUMBER 


SBDIP -55°C to +125°C | CDP1821CD3 |D16.3 


Pinout 


CDP1821C/3 
(SBDIP) 
TOP VIEW 


> 
a 
Oo 
= 
Lu 
= 
” 
O 
= 
© 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2983.1 
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CDP1821C/3 


Functional Block Diagram 


ROW 


BUFFERS Col.0* <== «+ COL. 31 


a0 (tee ROW 0 


16 x 32 Vop 
CELL ARRAY vat 


—[____T _] row 15 


ROW 
Ss ociSten| 
DI ¢ Seas [Soca BUFFERS | COLUMN BUFFERS : 

: a 
PWT Jeoumit 
COLUMN sccten| | 
AQ ¢ 
DI ¢ CS eHWeAS __[ coconn sures] COLUMN BUFFERS |_| 
TE fo ROW 16 


16 x 32 Vss 
CELL ARRAY 


—S_ ROW 31 
COL.G* === =» COL. 31 


BUFFERS 


OPERATIONAL MODES 
pC INPUTS | OUTPUT 


“REE | CPT asia ci 
DATA OUTPUT DO 


a a a 
Le 


X= Don't Care Logic 1=High Logic 0 = Low 


CDP1821C/3 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) Oya (CCW) 8yc (°C/W) 
(All Voltages Referenced to Vss Terminal)........ -0.5V to +7V SOUP PAGKHOG. «csc0 ecu eacwwanxe 75 20 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Maximum Operating Temperature Range (Ta) .. . .-55°C to +125°C 
DC Input Current, Any One Input.....................000. +10mA Maximum Storage Temperature Range (TstTq) . . .-65°C to +150°C 
Maximum Lead Temperature (During Soldering) ......... +265°C 
Maximum Junction Temperature... ...........0.00 0008. +150°C 


Recommended Operating Conditions Ty, = Full Package-Temperature Range. For maximum reliability, nominal operating con- 
ditions should be selected so that operation is always within the following ranges: 


CDP1821CD/3 


DC Operating Voltage Range 


Input Voltage Range 


Static Electrical Specifications Vpp = 5V +5% 


-55°C, +25°C +125°C 


Output High Drive (Source) Current 
(Note 1) 


Output Voltage Low-Level 
Output Voltage High-Level 


1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 
2. Measured with ips read-cycle time and outputs floating. 
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CDP1821C/3 


Read Cycle Dynamic Electrical Specifications _ tp, tr = 10ns, C, = 50pF 


-55°C, +25°C 
Vpp 
PARAMETER SYMBOL (V) 


1. 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing. 


"4 ; 
(NOTE 3) 
tDOoH 
(NOTE 5) 
HIGH 
DATA OUT <+——_—---—--—- ta, nal 
(NOTE 5) IMPEDANCE 


NOTES: 
1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 
. Chip-Select (CS) permitted to change from low to high level or remain low. 
. Read/Write (R/W) must be at a high level during all address transitions. 
. Don’t care. 
. Data-Out (DO) is a high impedance within tp) ns after the falling edge of R/W or the rising edge of CS. 


ao fF W NM 


FIGURE 1. READ CYCLE TIMING DIAGRAM 


CDP1821C/3 


Write Cycle Dynamic Electrical Specifications tg, te = 10ns, C, = 50pF 


Vpp 
PARAMETER SYMBOL (V) 


Write Cycle Time t 
Address Setup Time (Note 1) 


Input Data Setup Time (Note 1) 
Input Data Hold Time (Note 1) 
Read/Write Pulse Width Low (Note 1) tw 


NOTE: 
1. 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing. 


we [s 
pws | fF 
Address Hold Time (Note1) | tee f 8 


cs vs (NOTE Wes Y (NOTE 2) 


(NOTE 3) tas : taH 


tos toH 


1. Chip-Select (CS) permitted to change from high to low level or remain low on a selected device. 
2. Chip-Select (CS) permitted to change from low to high level or remain low. 
3. Don’t care. 


CMOS MEMORY 


FIGURE 2. WRITE CYCLE TIMING DIAGRAM 
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CDP1821C/3 


Data Retention Specifications 


TEST CONDITIONS -55°C, +25°C 
VpR Vpp 
PARAMETER SYMBOL (V) (V) 


Minimum Data Retention Voltage Vpp 2 
(Note 1) 
Data Retention Quiescent Current 2 50 
(Note 1) 
L | 
= | ee 


Chip Deselect to Data Retention Time tcDR Lo 
Recovery to Normal Operation Time Foto Pe 


NOTE: 
1. 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 


DATA RETENTION MODE 


0.95 Vpp 0.95 Vop 


FIGURE 3. LOW Vpp DATA RETENTION WAVEFORMS AND TIMING DIAGRAM 


Burn-In Circuit 


| 
| 
verlon: | 
= Vpp 
R = 8.2kQ. 20% Al 
Ry = 2kQ 20% 0 
| | | I 


A1 - A11 ARE DIVISION BY 2 BASED ON AO 


0 16 22 50 66 72 100 us 
A11 1 H6-— = Vop ' ' ' ' ' ' ; 
I | | | | I ! 
AO 2 | 15 A10 == Vop 
Ai —WWw—{3 | 14 O1 01 | , : 
A2 4 13} AQ | l 
8 I I I | | | I 
A3—vY 5 12] \ A8 | | | | ] ] _ 
I I | | 
ne Gg 1 AT AO | | | 
Vpp/2 ¢ 10 A6 0 
R R | I | 
8 | 9 | A5 
I | | 
| I | 
| | I 
I I I 
| ! I 


| PACKAGE | Vpp | TEMPERATURE DURATION 


FIGURE 4. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM 
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mn eS CDP1822, 
MARRS CDP1822C 


256-Word x 4-Bit 
March 1997 LSI Static RAM 


Features Description 


e Low Operating Current The CDP1822 and CDP1822C are 256-word by 4-bit static 

- Vpp = 5V, Cycle Time 1s random-access memories designed for use in memory sys- 

; tems where high speed, low operating current, and simplicity 

Industry Standard Pinout in use are desirable. The CDP1822 features high speed and 

Two Chip-Select Inputs-Simple Memory Expansion a wide operating voltage range. Both types have separate 

data inputs and outputs and utilize single power supplies of 

Memory Retention for Standby Battery Voltage of 2V = 4V to 6.5V for the CDP1822C and 4V to 10.5V for the 
Minimum CDP 1822. 


Output-Disable for Common I/O Systems Two Chip-Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
capability and is also useful in common Input/Output sys- 
e Separate Data Inputs and Outputs tems. The Output Disable input allows these RAMs to be 

. . used in common data Input/Output systems by forcing the 
Order. ing Information output into a high-impedance state during a write operation 


independent of the Chip-Select input condition. The output 
|v | sv | mackace | ree rane | ‘wo. | assumes a high-impedance state when the Output Disable is 
at high level or when the chip is deselected by CS1 and/or 


CDP1822CE | CDP1822E PDIP -40°C to +85°C | E22.4 CcS2 
CDP1822CEX | CDP1822EX Burn-l E224 | 4 ; ; . . : 
| CDP1822CEX | CDP1822EX sess The high noise immunity of the CMOS technology is pre- 


CDP1822CD |CDP1822D | SBDIP | -40°C to +85°C a 4A] served in this design. For TTL interfacing at 5V operation, 
CDP1822CDX | = Burn-in lsc 4A | excellent system noise margin is preserved by using an 


external pull-up resistor at each input. 


Three-State Data Output for Bus-Oriented Systems 


Pinout 


CDP1822, CDP1822C OPERATIONAL MODES 
(PDIP, SBDIP) 


TOP VIEW | INPUTS 
READ/ 
DISABLE | WRITE 
(RAW) | OUTPUT 


Ce 
a CO 


ae: 
at ee 
ay 

pm | 

Disable 


NOTE: 
Logic 1= High, LogicO=Low, X = Don’t Care. 


CMOS MEMORY 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


File Number 1074.2 
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CDP1822, CDP1822C 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) Oya (CCIW) Oyo (CCW) 
(All Voltages Referenced to Vss Terminal) PDIP POCHAGG «6 ccncs iswcdewndeas 75 N/A 
BA aot 8 Ook eee ene eens ek nee -0.5V to +11V SEOIP POCRHOG. «n<eucseurreseses 80 21 
EP I6le es <6 os eoe des cee dks ne toesea awe -0.5V to+7V Maximum Operating Temperature Range (Ta) 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Package Type D... cess cere ccseewnaeeess -55°C to +125°C 
DC Input Current, Any One Input.....................200. +10mA PROKGGG TPO Bac cccsvianeseceves naveeetas -40°C to +85°C 
Maximum Junction Temperature 
Ceramic Package ........... ccc eee eee e eens 175°C 
Plastic Package... .....-.0.c0cceeeceeeereccsanees 150°C 
Storage Temperature Range (TsTqG)...--.---++-- -65°C to +150°C 
Ta = -40°C to +60°C (Package Type E) .............. 500mW 
Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at 
Vcd wavansebatapondin GoRGhheesokweees 12mW/°C to 200mW 
Lead Temperature (During Soldering)................... 300°C 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 


should be selected so that operation is always within the following ranges: 
PARAMETER 


DC Operating Voltage Range 
Input Voltage Range 


Static Electrical Specifications At T, = -40°C to +85°C, Except as Noted 


| CONDITIONS LIMITS 
CDP1822C 
Vo Vin (NOTE 1) 
PARAMETER SYMBOL] (V) (V) TYP 


Quiescent Device 
Current 


Output Low (Sink) a 


SYMBOL 


LIMITS 
CDP1822 CDP1822C 
oe 


Current 


Output High (Source) 
Current 


Output Voltage 
Low-Level 


oO 
on 


Input Low Voltage 


—_ 
oi 


Input High Voltage 


Input Leakage Current 


H+ 
on 


Output Voltage 
High-Level 
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CDP1822, CDP1822C 


Static Electrical Specifications At T, = -40°C to +85°C, Except as Noted (Continued) 


| CONDITIONS | 
Vo VIN 
PARAMETER SYMBOL] (V) (V) 


Operating Current 
(Note 2) 


Three-State Output 
Leakage Current 


NOTES: 
1. Typical values are for Ta = +25°C and nominal Vpp. 
2. Outputs open circuited; Cycle time = 1s. 


Dynamic Electrical Specifications At T, + -40 to +85°C, Vpp +5%, Input ta, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp, 
C, = 100 pF 


TEST 
CONDITIONS LIMITS 
CDP1822C 
Vop a... 1) | (NOTE 2) (NOTE 1) | (NOTE 2) 
PARAMETER (V) MIN TYP MIN TYP 


Read Cycle Times (Figure 1) 


UNITS 


450 


Read Cycle tro 


> 
oa 
oO 


250 


Access from Address 


> 
oO 
So 


Output Valid from Chip-Select 1 tpoai 


250 
450 
250 
450 


_ 
oa 
oO 


o_o 


Output Valid from Chip-Select 2 


tpoa2 


Output Valid from Output Disable tpoa3 


Output Hold from Chip-Select 1  tpoH1 


Output Hold from Chip-Select 2 


tpoH2 


Output Hold from Output Disable tpoH3 


NOTES: 
1. Time required by a limit device to allow for indicated function. 
2. Typical values are for Ta = 25°C and nominal Vpp. 
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CDP1822, CDP1822C 


tre 


AO - A7 


Dou oe 


CHIP-SELECT 1 tpoH1 => 


CHIP-SELECT 2 tpoH2 > 


OUTPUT DISABLE tpoa3 


READ/WRITE 


DATA OUT 
VALID HIGH 


IMPEDANCE IMPEDANCE 


DATA OUT 


= 
9) 
= 


4 Ni 


FIGURE 1. READ CYCLE TIMING WAVEFORMS 


Dynamic Electrical Specifications At Ta + -40 to +85°C, Vpp +5%, Input tr, te = 20ns, Viy = 0.7 Vpp, Vit = 0.3 Vpp. 
Cy = 100 pF. 


LIMITS 


CONDITIONS CD1822 CDP1822C 


Vpp (NOTE 1) | (NOTE 2) (NOTE 1) | (NOTE 2) 
MIN TYP MIN TYP 


PARAMETER (V) 
500 


TEST 


UNITS 


Read Cycle Times (Figure 2) 


on 
(2) 
io) 


Write Cycle 


_ 
oO 


300 


ye) 
Oo 
fo) 


Address Setup 


—_ 


—_ = —_ —_ —_ 


— 
—s 


0 


Write Recovery 


Write Width 


io) 


150 


Input Data Setup Time 250 


a 
Data Hold tow } 50 | 80 
a 
Chip-Select 1 Setup 200 200 
110 
Chip-Select 2 Setup 200 


NO 
oi 
oO 


110 


CDP1822, CDP1822C 


Dynamic Electrical Specifications At T, + -40 to +85°C, Vpp +5%, Input tp, te = 20ns, Vjy = 0.7 Vpp, Vit = 0.3 Vpp, 
C, = 100 pF. (Continued) 


LIMITS 
TEST 


CONDITIONS 


Vpp (NOTE 1) | (NOTE 2) 
PARAMETER (V) MIN TYP 


hip-Select 1 Hold 


CDP1822C 


(NOTE 1) | (NOTE 2) 
MIN TYP 


Output Disable Set-Up tops 


Chip-Select 2 Hold 
0 


NOTES: 


1. Time required by a limit device to allow for indicated function. 
2. Typical values are for Ty = 25°C and nominal Vpp. 


twr 
ttsis —> tCSiH 
CHIP-SELECT 1 
Rl 
CHIP-SELECT 2 
tcs2s tcs2H + 
ee 
OUTPUT DISABLE oO 
nie.’ aed toy = 
= 
Oo 
READ/WRITE 


——— [ge 


Uff rion: 


NOTE: tops is required for common I/O operation only. For separate I/O operations, output disable is don’t care. 
FIGURE 2. WRITE CYCLE TIME WAVEFORMS 
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CDP1822, CDP1822C 


Data Retention Specifications At T, = -40 to +85°C, see Figure 3. 
LIMITS 
TEST CONDITIONS CDP1822 CDP1822C 


Vor Vop (NOTE 1) (NOTE 1) 
PARAMETER (V) (V) TYP TYP UNITS 


Min. Data Retention Voltage 


Data Retention Quiescent 
Current 


Chip Deselect to Data Retention 
Time 


Recovery to Normal Operation 
Time 


Vpp to VDR Rise and Fall Time 
NOTE: Typical values are for Ta = 25°C and nominal Vpp. 


Vpp 
DATA RETENTION J 
- MODE . Z 
0.95 Vop , z Ke 2 
<| il Wo ys 
x 
ra} Vss 
WRITE —I READ 
ADDRESS ADDRESS 
DECODER DECODER 
C 
Vpop 
FIGURE 3. LOW Vpp DATA RETENTION TIME WAVEFORMS FIGURE 4. MEMORY CELL CONFIGURATION 
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Dii 
DI2 
DI3 
DI4 


AS a 
A6 ¢ 
A7 @ 


CS2 


CDP1822, CDP1822C 


(5) 
INPUT 
BUFFERS 
AND 


DESELECT 
FUNCTION 


x= 419 " [ controL 
117 tk A 
i 


OD @ 


Vpp 
Vss 


+ INPUT PROTECTION 
NETWORK 


CONTROL 
Cc 
Buaenmeweweweeweeeeeeeeeeeee ee ee eee ee ee ee eee eet ee eee ee ee ee ee 
Vpp Vpp 
Vss Vss 
++ OUTPUT +++ OVER VOLTAGE 

PROTECTION PROTECTION 

CIRCUIT CIRCUIT 


: DECO 
ALL ROWS 

DESELECT 

FUNCTION 

t 438 


158 | 


(8 x 32) 
STORAGE 
ARRAY 


(8 x 32) 
STORAGE 
ARRAY 


(8 x 32) (8 x 32) 
STORAGE 
ARRAY 


COLUMN COLUMN COLUMN COLUMN 


CONTROL 
B 


FIGURE 5. FUNCTIONAL BLOCK DIAGRAM FOR CDP1822 AND CDP1822C 
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(4) 


BUFFER 
BITS | DRIVERS 


< 
o 
o 


ai as 

wa | at [otk 
& | [Oo 
—t§a—+é + 


= 
a 
a 

—+ 


92 TTT 


= 

o 
—- 
+ 
a 


< 
” 
77) 


> 
a 
Oo 
= 
Lu 
= 
” 
O 
= 
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CDP1822, CDP1822CS 


peerwrnrnrnrnrnrnf frre |e eee x 
CONTROLA | 
| i 
tst 19 I ie ie A 
; 1 > CHIP-SELECT 
I 1 | CONTROL 
1 BD; : 
CS2 17, \ 
i a a se ‘ 
pew rw ef we wee eee ee Me . 
i} t 
' CONTROL B 
1 I 
R/W B 
ie. a > - | > CHIP-SELECT AND 
| | RAV CONTROL 
Re were wewewewrees we ee ee d 
pewrwr3nT“7rPe nye £82 eee HK = a] 
' CONTROL C 
; ilc 
, » 1 | OUTPUT 
OUTPUT 1 1 DISABLE 
18 1 S ie 1 > 1 | CONTROL 
- ; 
DISABLE | , 
Lee ewewewewew ewe ew ew ew eee r | 


FIGURE 6. LOGIC DIAGRAM OF CONTROLS FOR CDP1822 AND CDP1822C 
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SEMICONDUCTOR 


Gg FARRIS 


CDP1822C/3 


High-Reliability CMOS 
256-Word x 4-Bit LSI Static RAM 


March 1997 


Features 


For Applications in Aerospace, Military, and Critical 
industrial Equipment 


Interfaces Directly with CDP1802 Microprocessor 


Very Low Operating Current 


- At Vpp = 5V and Cycle Time = 1s 4mA (Typ) 


Static CMOS Silicon-On-Sapphire Circuitry 
- CD4000 Series Compatible 


Industry Standard Pinout 
Two Chip Select Inputs - Simple Memory Expansion 


Memory Retention for Standby 2V (Min) 


Battery Voltage 
4V to 6.5V 
4V to 6.5V 


Single Power Supply Operation 

High Noise Immunity 30% of Vpp 

Output Disable for Common I/O Systems 
Three-State Data Output for Bus Oriented Systems 
Separate Data Inputs and Outputs 


Latch-Up-Free Transient Radiation Tolerance 


Ordering Information 


PART 
TEMP. RANGE NUMBER 


SBDIP -55°C to +125°C |CDP1822CD3 |D22.4A 


CDP1822C/3 (SBDIP) 
TOP VIEW 


Description 


The CDP1822C/3 is a 256 word by 4-bit random access 
memory designed for use in memory systems where high 
speed, low operating current, and simplicity in use are 
desirable. The CDP1822 features high speed and excellent 
noise immunity. It has separate data inputs and outputs and 
utilizes a single power supply of 4V to 6.5V. 


Two Chip Select inputs simplify system expansion. An output 
Disable control provides Wire-OR-capability and is also 
useful in common Input/Output systems. The Output Disable 
input allows this RAM to be used in common data Input/Out- 
put systems by forcing the output into a high impedance 
state during a write operation independent of the Chip Select 
input condition. The output assumes a high impedance state 
when the Output Disable is at high level or when the chip is 
deselected by CS1 and/or CS2. 


The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 


OPERATIONAL MODES 


=e l 


OUTPUT 


— 


— — 
Impedance 
Standby High 
Impedance 
Standby High 
Impedance 
Output X High 
Disable Impedance 


Logic 1 = High, Logic0=Low, X= Don't Care 


> 
ox 
2) 
= 
lu 
= 
” 
2) 
= 
O 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 6-19 
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CDP1822C/3 
Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) Gyn (CCW) 8yc (PCCW) 
(All Voltages Referenced to Vssg Terminal) SGUIP PACKBUG: «0x0 Ssxtswrsn de sas 80 21 
COP Teese cu coe sntnsevend eres oosard ee eos -0.5V to+7V Maximum Storage Temperature Range (Tstq) . . .-65°C to +150°C 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Maximum Lead Temperature (During Soldering) ......... +265°C 
Operating Temperature Range (Ta)............ -55°C to+125°C Maximum Junction Temperature..................00005 +150°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


Input Voltage Range 


Static Electrical Specifications 


CONDITIONS LIMITS 
Vo Vin | Vpp 
PARAMETER SYMBOL | (V) (v) | () | MIN, | MAX | UNITS 


ef 


Output High (Source) Current (Note 1) Flow Fas | 5 | 
Output Voltage Low-Level 0,5 
Output Voltage High-Level VOH 


Input Low Voltage VIL 0.5, 4. 2 0.3 0.3 V 
Vpop Vpp 


Input High Voltage ViH 0.5, 4 


4.6 


E 


0,5 5 


1. Limits designate 100% testing, all other limits are designer’s parameters under given test conditions and do not represent 100% testing. 


Input Capacitance 


O 
— 
© 
a 
be) 
=. 
= | 
ive] 
@) 
= 
ce 
@O 
3 
- 
-_-=~ 
a 
° 
- 
c¢>) 
—_ 
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CDP1822C/3 


Read Cycle Dynamic Electrical Specifications tp, te = 10ns, C, = 50pF 


PARAMETER SYMBOL 


Vpp 
(V) 


Cam [wae 
Tso 
ae 
ae 
a 
ae 
ef 
ef 
Ce f 


AO - A7 
READ 
ADDRESS 
CHIP ca DECODER 5 
SELECT 1 < 
et t { = 
tpoH2 ie a 
CHIP a tpoa2 ——» | | 
SELECT 2 (NOTE 1) 


tpoa3 WRITE 


OUTPUT (NOTE 1) ADDRESS 
DISABLE oo DECODER = 
O 
rr 
READ/ 
WRITE = 
TA OUT o 
DATA 
ciaiecnn HIGH HIGH = 
IMPEDANCE IMPEDANCE O 
Vpp 
NOTE: Minimum timing for valid data output. Longer times will initiate an 
earlier but invalid output. 
FIGURE 1. READ CYCLE WAVEFORMS AND TIMING DIAGRAM FIGURE 2. MEMORY CELL CONFIGURATION 
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CDP1822C/3 


Write Cycle Dynamic Electrical Specifications tp, te = 10ns, CL = 50pF 


LIMITS 


Address Hold (Note 1) 


Write Pulse Width (Note 1) 


Data in Setup (Note 1) 


1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing 


twc 
taH 
CHIP-SELECT 1 j | 3 
CHIP-SELECT 2 rs 
tcss2 tcs2H 
OUTPUT DISABLE 
i cord ta 
READ/WRITE 


tas 
NOTE 1 
NOTE: 


1. tops is required for common I/O operation only; for separate I/O operations, output disable is don’t care. 
FIGURE 3. WRITE CYCLE TIMING WAVEFORMS 


CDP1822C/3 


Data Retention Specifications 


TEST 
CONDITIONS LIMITS 
+25°C, -55°C +125°C 
Vor Vpp 
PARAMETER SYMBOL (V) (V) | MIN | MAX | 
Minimum Data Retention Voltage Vor 
(Note 1) 
a aid 
ae 


Data Retention Quiescent Current 
(Note 1) 


Chip Deselect to Data Retention Time tcorR poe PB 
Recovery to Normal Operation Time a a 


NOTE: 
1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing. 


—<— DATA RETENTION —> 
Vpp MODE 


0.95 Vop . 0.95 Vop 


FIGURE 4. LOW Vpp DATA RETENTION TIMING WAVEFORMS 


| PACKAGE | TEMPERATURE | DURATION | Vpp 


0 16 22 5.0 6.8 7.2 10.0us 


> 
ox 
O 
= 
Lu 
= 
” 
O 
= 
O 


oo N OO &® © ND = 


| 
R = 2kQ +20% a J 0 


FIGURE 5. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM 
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SEMICONDUCTOR 


aD 


March 1997 


Features 


e Fast Access Time 


¢ Common Data Inputs and Outputs 


¢ Multiple Chip Select Inputs to Simplify Memory 


System Expansion 


Ordering Information 


CDP1823CE |CDP1823E PDIP -40°C to +85°C E246 
CDP1823CD |CDP1823D |SBDIP -40°C to +85°C 24.6 | 


CDP1823CDX Lo Burn-in 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


CDP1823, 
CDP1823C 


128-Word x 8-Bit 


LSI Static RAM 


Description 


The CDP1823 and CDP1823C are 128-word by 8-bit CMOS 
SOS static random-access memories. These memories are 
compatible with general-purpose microprocessors. The two 
memories are functionally identical. They differ in that the 
CDP1823 has a recommended operating voltage range of 
4V to 10.5V, and the CDP1823C has a recommended oper- 
ating voltage range of 4V to 6.5V. 


The CDP1823 memory has 8 common data input and data 
output terminals for direct connection to a bidirectional data 
bus and is operated from a single voltage supply. Five chip- 
select inputs are provided to simplify memory-system expan- 
sion. In order to enable the CDP 1823, the chip-select inputs 
CS2, CS3 and CS5 require a low input signal, and the chip- 
select inputs CS1 and CS4 require a high input signal. 


The MRD signal enables all 8 output drivers when in the low 
state and should be in a high state during a write cycle. 


After valid data appear at the output, the address inputs may 
be changed immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected, or ta, 
(access time) after address changes. 


CDP1823, CDP1823C 


(PDIP, SBDIP) 
TOP VIEW 
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CDP1823, CDP1823C 


OPERATIONAL MODES 


won [os oon [os [om [os [ox [om [ eremmaenre 
a 
a 
EO 
TE reece 
SES ESES ESR 
TE freee 


Logic 1 = High, LogicO0=Low, X= Don't Care 
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CDP1823, CDP1823C 


Absolute Maximum Ratings Thermal Information 

DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) BJA a 830 (°C/W) 
(All Voltages Referenced to Vss Terminal) POP PEGG «scepctncnowenteens N/A 
PAP NEED duke ax gpree yeh eed eMeneRryuaeent -0.5V to +11V SOUP PACKAGE... ..cisrsncncnaeas ee 17 
CUP IGE saw tenw iene dw eeen tan ees ke we wa -0.5V to+7V Maximum Storage Temperature Range (Tstq) . . .-65°C to +150°C 

Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Maximum Junction Temperature 

DC Input Current, Any One Input.....................005. +10mA PIRSUS FUG o o.05 oko 2 dei whee eee ed nese eee enw ae +150°C 

Operating Temperature Range (T,) Maximum Lead Temperature (During Soldering) .......... 300°C 
Pactane Woe D sas cssicceuecksedecetanes -55°C to +125°C 
Package TypeE .......... cc cece eee -40°C to +85°C 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


LIMITS 


CDP1823D CDP1823CD 


PARAMETER 


Recommended Input Voltage Range 


PARAMETER SYMBOL 


Quiescent Device 

Current 

Output Low (Sink) lo 
Current 

Output High (Source) IOH 
Current 


CONDITIONS 
CDP1823 CDP1823C 
Vpp 
(V) 


VIN 
(V) 


oss 


=) 
< 
= Oo}; © 


— a 
a xa 
CN 
spesfps [af 2_ 
raf fae faa ft - | - [ 
A 
Ol 
Sanaa vor ce 
PC 
Oc OO 
A 
I Be A 
eee GE OS 
aan i en eo a 
Three-State Output | Le Le Se Sc _ * - «| 
a ee ccc ce ee 
output Capactance | Cour | - | - | - | es oe 


NOTES: 
1. Typical values are for Ta = +25°C and nominal Vpp. 
2. Outputs open circuited; Cycle time = ips. 
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CDP1823, CDP1823C 


Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp +5%, tp, te = 20ns, Cy = 100pF 


LIMITS 
| epptezs CDP1823C 
Vpp rae ST 2) | (NOTE 1) (NOTE 2) set 1) 
PARAMETER SYMBOL (V) a TYP MIN 
450 


UNITS 
Read Cycle (See Figure 1) 


450 


10 | - | 160 | 260 
Access Time From Chip tboa | 8 | = | 150 

Select 

NOTES: 


1. Typical values are at Ta = 25°C and nominal voltage. 
2. Time required by a limit device to allow for the indicated function. 


“J 
on 


Access Time From Address taa 5 
Change 


MRD to Output Active 


= 


5 


oO 


Data Hold Time After Read 


= 


eee rs i Seer tener ar 


tam 


oe eee —e Pf, 
A 


\ 


— >| tpon 


9 90% 
DATA OUT OY VALID DATA le 
HIGH IMPEDANCE \ 10% 


NOTE: 
1. MWR is high during read operation. Timing measurement reference is 0.5 Vpp. 


FIGURE 1. READ CYCLE TIMING DIAGRAM 


CS1, CS4 
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CDP1823, CDP1823C 


Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp +5%, tp, tp = 20ns, Cy = 100pF 


LIMITS 


CDP1823C 


(NOTE 2) | (NOTE 1) 
MIN TYP 


75 


CDP1823 


Vpp | (NOTE 2) | (NOTE 1) 
PARAMETER SYMBOL (V) MIN TYP 


Write Cycle (See Figure 2) 


Write Recovery ha 


twR 
Write Cycle twc 


Write Pulse Width 


Address Setup Time 


Data Setup Time 


100 
125 

75 

75 

: 


Data Hold Time From M 


hs 


= 


NOTES: 
1. Typical values are at Ta = 25°C and nominal voltage. 
2. Time required by a limit device to allow for the indicated function. 


two —————___——_—_—_______— > 


a 


NOTE: 
1. MRD must be high during write operation. 


FIGURE 2. WRITE CYCLE TIMING DIAGRAM 
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CDP1823, CDP1823C 


Data Retention Specifications At T, = -40 to +85°C, see Figure 3 


TEST 
CONDITIONS 


PARAMETER 


Minimum Data Retention Voltage, Vpr 
Data Retention Quiescent Current, Ipp 


Chip Deselect to Data Retention Time 


tcDR 


Recovery to Normal Operation 
Time 


Vpp to Vpr Rise and Fall Time 


NOTE: 
Typical values are for Ty = 25°C and nominal Vpp. 


DATA RETENTION 
MODE 


Vpp 


0.95 Vop 0.95 Vop 
Vor 


FIGURE 3. LOW Vpp DATA RETENTION TIMING WAVEFORMS 


BUFFER 16x8x8 
STORAGE 


> 
a 
O 
= 
Lu 
= 
” 
O 
= 
O 


FIGURE 4. FUNCTIONAL DIAGRAM 
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CDP1823, CDP1823C 


CPU/ROM SYSTEM RAM INTERFACE RAM SYSTEM 


ADDRESS 


MAO - MA7 MAO- MA7 MAO - MA6 


CPU RAM 
CDP1802 CDP1833 CDP1823 


CEO cs 
BUSO - BUS7 BUSO - BUS7 BUSO - BUS7 


FIGURE 5. CDP1823 (128 x 8) MINIMUM SYSTEM (128 x 8) 
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SEMICONDUCTOR 


CDP1823C/3 


High-Reliability CMOS 
128-Word x 8-Bit Static RAM 


uD 


March 1997 


Features 


e For Applications in Aerospace, Military, and Critical 
industrial Equipment 


Compatible with CDP1800-Series Microprocessors at 
Maximum Speed 


Interfaces with CDP1800-Series Microprocessors 
without Additional Components 


e Fast Access Time 

© At Von = BV, +25°C 2. ccc cece cece eee 275ns 
Single Voltage Supply 

e Common Data Inputs and Outputs 


Multiple Chip Select Inputs to Simplify Memory 
System Expansion 


High Noise Immunity...............06. 30% of Vop 


e Memory Retention for Standby Battery Voltage Down 
to 2V at 25°C 


e Latch-Up-Free Transient Radiation Tolerance 


Ordering Information 


PART NUMBER 
TEMP. RANGE (5V) 


SBDIP -55°C to +125°C | CDP1823CD3 


Description 


The CDP1823C/3 is a 128 word x 8-bit CMOS/SOS static 
random access memory. It is compatible with the CDP1802, 
CDP1804, CDP1805, and CDP1806 microprocessors, and 
will interface directly without additional components. The 
CDP1823C has a recommended operating voltage range of 
4V to 6.5V. 


The CDP1823C memory has 8 common data input and data 
output terminals for direct connection to a bidirectional data 
bus and is operated from a single voltage supply. Five chip 
select inputs are provided to simplify memory system 
expansion. In order to enable the CDP1823C, the chip select 
inputs CS2, CS3, and CS5 require a low input signal, and 
the chip select inputs CS1 and CS4 require a high input 
signal. 


The MRD signal enables all 8 output drivers when in the low 


state and should be in a high state during a write cycle. 


After valid data appear at the output, the address inputs may 
be changed immediately. Output data will be valid until either 
the MRD signal goes high, the device is deselected, or taa 
(access time) after address changes. 


~ 

; oc 
Pinout 2 
CDP1823C/3 = 

(SBDIP) - 

TOP VIEW O 

s 

O 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CDP1823C/3 


OPERATIONAL MODES 


[—roncron [ws [won [ost [ess [oss [oo [es [ inverse 
a OO 
a OO 
a oe ce 


_ HABE 


NOTE: 
1. Logic 1 = High, LogicO=Low, X= Don't Care. 


High Impedance 


x KKK OK 
x KKK XK 
xx xX KO 
x xK «K+ 
xx<x- KX 
xo KK XX 
+ x< KK XX 
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CDP1823C/3 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) Oya (CCW) 8yo (PC/W) 
(All Voltages Referenced to Vss Terminal) SBDIP PACKAQGS. 22s csecccdaenews 60 17 
1 oy | a -0.5V to+7V Maximum Operating Temperature Range (Ta) . . . .-55°C to +125°C 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Maximum Storage Temperature Range (TsTq) . . .-65°C to +150°C 
DC Input Current, Any One Input.....................005. +10mA Maximum Lead Temperature (During Soldering) ......... +265°C 
Maximum Junction Temperature...............000000. +150°C 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating 
conditions should be selected so that operation is always within the following ranges: 


LIMITS 


Static Electrical Specifications Vpp =5V +5% 


CONDITIONS LIMITS 
-55°C, +25°C +125°C 
Vo VIN Vpp 
PARAMETER (V) (V) (V) | MAX UNITS 


Quiescent Device Current (Note 1) lpp a 


Output Low (Sink) Current (Note 1) lot mA 


Output High (Source) Current (Note 1) IOH mA 


Output Voltage Low-Level 


< 
Oo 
= 


Output Voltage High-Level 


= 
O 
2 


Input Low Voltage VIL 


Input High Voltage 
Input Leakage Current (Note 1) lin 
Operating Current (Note 1) lpp1 


Three-State Output Leakage Current louT 


Input Capacitance 


© 
2 


Output Capacitance 


<a 
= 


<= 
a 


| 
O 
= 
ar 


NOTE: 
1. Limits designate 100% testing, all other limits are designer's parameters under given test conditions and do not represent 100% testing. 


Read Cycle Dynamic Electrical Specifications tp, te = 10ns, C, = 50pF 


PARAMETER SYMBOL 


Read Cycle 


Access Time from Chip Select 


Access Time from Address Change (Note 1) 
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CDP1823C/3 


Read Cycle Dynamic Electrical Specifications tp, t- = 10ns, C_ = 50pF (Continued) 


+25°C, -55°C 
Vpp 
PARAMETER SYMBOL (V) | MIN | 


NOTE: 
1. Limits designate 100% testing. All other limits are designer's parameters under given test conditions and do not represent 100% testing. 


taa 


=a — tan —~ 


i 7/7 oe ULL 


i 
CS1, CS4 fjjj///)) CHH:> 


90% 


VALID DATA te 
HIGH IMPEDANCE 10% 


i 


NOTES: 
1. Minimum timing for valid data output. Longer times will initiate an earlier but invalid output. 
2. MWR is high during read operation. Timing measurement reference is 0.5Vpp. 


FIGURE 1. READ CYCLE TIMING DIAGRAM 


Write Cycle Dynamic Electrical Specifications tp, te = 10ns, C, = 50pF 


PARAMETER SYMBOL 


Address Setup Time (Note 1) oe a 


Write Pulse Width (Note 1) 
Data to MWR Setup Time (Note 1) tos 
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CDP1823C/3 


Write Cycle Dynamic Electrical Specifications tp, te = 10ns, a an = 50pF (Continued) 


ee | -55°C +125°C 
— Miia 2) (NOTE 2) 
PARAMETER SYMBOL (V) MIN MIN UNITS 


1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing. 


NOTES: 


2. Minimum timing to allow the indicated function to occur. 


CS1, CS4 es... 
— on a WZZTE 


praryicl CS 


MWR 
a ememenl: <— ton 
50.0: 0:00: O00 OOOO 04 KAA AAAAAA 
; SKK KKK KK KIN URL I) GRTA PLKKKKKK KKM 
Bus Ue 5250505050550 ae Lererereretetetete® 


NOTE: 
1. MRD must be high during write operation. 


FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 


> 
as 
Oo 
= 
Lu 
= 
” 
O 
= 
O 


Data Retention Specifications 


| conermions 
| conermions LIMITS 
+25°C, -55°C 
Vor Vpp 
PARAMETER SYMBOL (V) (V) 


Minimum Data Retention Voltage VpR 
(Note 1) 


NOTE: 
1. Limits designate 100% testing. All other limits are designer’s parameters under given test conditions and do not represent 100% testing. 
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CDP1823C/3 


DATA RETENTION 
MODE 


A15 


A14 


A13 


R = 10kQ +20% 


| PACKAGE | TEMPERATURE | DURATION | Vpp | 


0 16 2.2 5.0 6.6 7.2 10.0 
01 ; Vpp 


NOTE: 
1. A1-A11 are division by 2 based on AO. 
FIGURE 4. DYNAMIC/OPERATING BURN-IN CIRCUIT AND TIMING DIAGRAM 
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m HARRIS CDP1824, 
remiceneuet a. CDP1824C 


March 1997 32-Word x 8-Bit Static RAM 


Features Description 


e Fast Access Time The CDP 1824 and CDP1824C are 32-word x 8-bit fully static 
CMOS random-access memories for use in CDP-1800 
series microprocessor systems. These parts are compatible 
with the CDP1802 microprocessor and will interface directly 

e No Precharge or Clock Required without additional components. 


The CDP1824 is fully decoded and does not require a pre- 
charge or clocking signal for proper operation. It has 
common input and output and is operated from a single 
voltage supply. The MRD signal (output disable control) 
enables the three-state output drivers, and overrides the 
MWR signal. A CS input is provided for memory expansion. 


The CDP1824C is functionally identical to the CDP1824. 
The CDP1824 has an operating range of 4V to 10.5V, and 
the CDP1824C has an operating voltage range of 4V to 
6.5V. The CDP1824 and CDP1824C are supplied in 18 lead 
hermetic dual-in-line ceramic packages (D suffix), and in 18 
lead dual-in-line plastic packages (E suffix). 


Ordering Information 


[____v__| 10V_] PACKAGE | TEMPERATURE RANGE | PKG.NO._ 
CDP1824CE CDP1824E PDIP -40°C to +85°C E18.3 
CDP1824CEX CDP1824EX Burn-In E18.3 


CDP1824CD CDP1824D SBDIP -40°C to +85°C D18.3 


Pinout 


CDP1824, CDP1824C (PDIP, SBDIP) 
TOP VIEW OPERATIONAL MODES 


[FUNCTION & [WAO [MWA] DATAPINS STATUS 


READ X | Output: High/Low Dependent 
on Data 


WRITE | oO | 1 | 0 | Input: Output Disabled 
1 X X | Output Disabled: 
High-Impedance State 
Standby 1 Output Disabled: 
High-Impedance State 


Logic 1= High LogicO=Low X= Don't Care 


> 
a 
O 
= 
Lu 
= 
” 
O 
= 
O 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CDP1824, CDP1824C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp) 
(All Voltages Referenced to Vsg Terminal) 


PRN ia vnbaeteshaesahanneeenieereawas -0.5V to +11V 

Br Pee rn.in Gav raessbruewsen ewedtj es ches -0.5V to +7V 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V 
DC Input Current, Any One Input.......................5. +10mA 
Operating Temperature Range (Ta) 

Packaoo WED .6.-ccieccrsentavasesiass -55°C to +125°C 

Package TypeE ........ 0.00. c eee ee -40°C to +85°C 


Thermal Information 


Thermal Resistance (Typical) Oya (CCIW) 8yo (CC/W) 


SEOIP PACKEOO. «ccccxntivasaverns 75 20 
PUIP PAaChaG® .isvccsecnsenses cea 15 N/A 
Storage Temperature Range (TsTq)..-.-------- -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... 6... ee ees +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range.For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CONDITION 


PARAMETER Vpp (V) 


Supply Voltage Range 


Recommended Input Voltage Range 


Input Signal Rise or Fall Time (Note 1) 


tr, tr 
NOTE: 


tb 


LIMITS 


CDP1824D CDP1824CD 
UNITS 


ee 
Le oe a 
| Yoo | ss | Yoo [| 
2 ee ee ee 
a ae ee 


1. Input signal rise or fall times longer than these maxima can cause loss of stored data in either the selected or deselected mode. 


Static Electrical Specifications At T, = -40°C to +85°C, Except as Noted: 


CONDITIONS 


VIN Vpp 
(V) (V) 


PARAMETER i 


SYMBOL 


Quiescent Device 
Current 


Output Low (Sink) 
Current 


0.5 0, 10 


Output High (Source) 
Current 


Output Voltage 
Low-Level 


Output Voltage 
High-Level 


0, 10 
0, 10 


Input Low Voltage 0.5, 4.5 


10 


a 
Ts 
T 


Input High Voltage 0.5, 9.5 


— 
co) 


Input Leakage Current 


Any 
Input 


Operating Current 
(Note 2) 


[= 
on 
‘ 
ole ola Sd ied ed 


Ipp1 


QO 
oO 
U 
at 
co 
NO 
<4 


LIMITS 


(NOTE 1) 
TYP 


(NOTE 1) 


a) 
< 
mo | 


UNITS 


100 


Ne) 
on 
De) 
o 
r—) 

= 
> 


25 


ro) 
ol 
pa] 
oO 
= 
3/3/15 


a 37 3 


© 
> 


on 


aos H- =k 
wo s 
on oOo 
I+ 
=) wo sn 
a rw 


ol 


mA 
mA 


—_ 


6 


H- = | 
— — 
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CDP1824, CDP1824C 


Static Electrical Specifications At Ts = -40°C to +85°C, Except as Noted: (Continued) 


| CONDITIONS LIMITS 
CDP1824 CDP1824C 
Vin | Yop (NOTE 1) (NOTE 1) 
PARAMETER SYMBOL cs (V) (V) TYP TYP UNITS 
el S| 


Three-State Output lout +2. 
—_ ees 


NOTES: 
1. Typical values are for Ta = +25°C and nominal Vpp. 
2. Outputs open circuited; Cycle time = ips. 


Dynamic Electrical Specifications at T, = -40°C to +85°C, Vpp +5%, Input tp, te = 10ns, C, = 50pF, Ry = 200kQ; See Figure 1 


TEST LIMITS 
CONDITIONS | CDP1824D, CDP1824E 824D, CDP1824E CDP1824CD, CDP1824CE 
eee 1) | (NOTE 2) (NOTE 1) | (NOTE 2) 
PARAMETER SYMBOL Vpp (V) MIN TYP MIN TYP UNITS 


READ OPERATION 
Access Time From taa PB | 71 
posed needa ae ee 


Access Time From 
Chip Select 


ee 
i 7 
cee oe 
2a oe 
EL oe 
a ae ee 


NOTES: 
1. Time required by a limit device to allow for the indicated function. 
2. Time required by a typical device to allow for the indicated function. Typical values are for Ta = +25°C and nominal Vpp. 


tpoa 


HIGH IMPEDANCE 
NOTES: 


1. Minimum timing for valid data output longer times will initiate an earlier, but invalid output. 
FIGURE 1. READ CYCLE TIMING DIAGRAMS 
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CDP1824, CDP1824C 


Dynamic Electrical Specifications at T, = -40°C to +85°C, Vpp +5%, Input tr, te = 10ns, C_ = 5OpF, Ry, = 200k; See Figure 2 
LIMITS 
TEST 


CONDITIONS CDP1824D, CDP1824E CDP1824CD, CDP1824CE 


(NOTE 1) | (NOTE 2) (NOTE 1) | (NOTE 2) 
PARAMETER SYMBOL MIN TYP 


WRITE OPERATION 


+ 
3 


UNITS 


Write Pulse Width 


Ww 
oO 
oO 
—_ 


Data Setup Time 


Data Hold Time tpH 


Chip Select Setup Time 


Address Setup Time 


NOTES: 
1. Time required by a limit device to allow for the indicated function. 
2. Time required by a typical device to allow for the indicated function. Typical values are for Ta = +25°C and nominal Vpp. 


—— tas ont} 
ts 
tcs —e| 
twRw 
MWR \ — 
to toH 
BUS 


FIGURE 2. WRITE CYCLE TIMING DIAGRAM 


DATA RETENTION 
MODE 


i te tr 
(NOTE 1) (NOTE 1) 


NOTE: tp, te > tps. 
FIGURE 3. LOW Vpp DATA RETENTION WAVEFORMS AND TIMING DIAGRAM 
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CDP1824, CDP1824C 


Data Retention Specifications at Ts = -40°C to +85°C; See Figure 3 


TEST CONDITIONS 
CDP1824C 
VpR 


PARAMETER 


Data Retention Voltage 


Data Retention Quiescent Current | Ippo | 
Recovery to Normal Operation Time 


300 
Oe 


ADDRESS 
DECODER 


BUS BUS BUS BUS BUS BUS BUS BUS 
7 6 5 4 3 2 14 #0 


FIGURE 4. FUNCTIONAL DIAGRAM 


CPU/ROM SYSTEM RAM SYSTEM 


ADDRESS 


> 
a 
O 
= 
Lu 
= 
” 
oO 
= 
O 


MA0-MA7 MA0-MA7 MA0-MA7 


TPA 
MRD 


CPU _ 


CDP1824 
CDP 1802 
cs 
BUSO-BUS7 BUSO-BUS7 BUSO-BUS7 


FIGURE 5. CDP1824 (128 X 8) MINIMUM SYSTEM (128 X 8) 
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March 1997 


Features 


e Access Time 


e No Precharge or Clock Required 


Ordering Information 


CDP1824CD3 | CDP1824D3 | SBDIP 55°C to |D18.3 
+125°C 


CDP1824/3, 
CDP1824C/3 


High-Reliability CMOS 32-Word x 8-Bit 
Static Random-Access Memory 


Description 


The CDP1824/3 and CDP1824C/3 types are high-reliability 
CMOS 32-word x 8-bit fully static random-access memories 
for use in CDP1800-series microprocessor systems. These 
parts are compatible with the CDP1802 microprocessor and 
will interface directly without additional components. 


The CDP1824/3 is fully decoded and does not require a pre- 
charge or clocking signal for proper operation. It has com- 
mon input and output and is operated from a single voltage 
supply. The MRD signal (output disable control) enables the 
three-state output drivers, and overrides the MWR signal. A 
CS input is provided for memory expansion. 


The CDP1824C/3 is functionally identical to the CDP 1824/3. 
The CDP1824/3 has a recommended operating voltage 
range of 4V to 10.5V, and the CDP1824C/3 has an operating 
voltage range of 4V to 6.5V. 


Pinout Functional Diagram 


CDP1824/3, CDP1824C/3 (SBDIP) 
TOP VIEW 


ADDRESS 32 X 8-BIT 
DECODER ARRAY 


VO BUFFERS 


OPERATIONAL MODES 


FUNCTION | CS | MRD | MWR | DATA PINS STATUS 
READ | oO [ Oo | xX | Output: High/Low Dependent on Data 


WRITE | oOo | 1 | o | Input: Output Disabled 
Not Selected Pp otf xX ft xX Output Disabled: High-Impedance State 


Foo f 1 fo 4 | Output Disabled: High-impedance State 


Logic 1=High LogicO=Low X= Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 71 7 2 


Copyright © Harris Corporation 1997 
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CDP1824/3, CDP1824C/3 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical, Note 1) Oya (CCIW) 8jc (CCW) 
(All Voltages Referenced to Vss Terminal) SOOIP PACKAGG. ..<civecvasvcaeees 75 20 
CORPO s 6 0b'6 eter wate nme bacwawed danas -0.5V to+11V Device Dissipation Per Output Transistor 
Ps 6406 6 bw ad ed.ne dd gee whoareso? vanes -0.5 to +7V Ta = Full Package Temperature Range 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V (All PEGKOOS 1VPGG) cb cceandd ce von nen ganwen ae ew oh 100mW 
DC Input Current, Any One Input......................0.. +10mA Operating Temperature Range (Ta) 
Package Type Dic csivccsiwanccawiauwnenes -55°C to +125°C 
Storage Temperature Range (TsTg)..........-- -65°C to +150°C 


Lead Temperature (During Soldering) 
At distance 1/16 +1/32 In. (1.59 + 0.79mm) 
from case for 10S MAX... 6... eee eee +265°C 


Recommended Operating Conditions Ty, = Full Package-Temperature Range. For maximum reliability, nominal operating con- 
ditions should be selected so that operation is always within the following ranges: 


LIMITS. 
CDP1824/3 CDP1824C/3 


PARAMETER 
DC Operating Voltage Range 
Input Voltage Range 


Static Electrical Specifications 


CONDITIONS LIMITS 
-55°C, +25°C 
Vo vin | Vpp 
PARAMETER SYMBOL (V) (V) (V) 
Quiescent Device Current 
(Note 1) 


Output Voltage Low-Level VoL 
(Note 2) 


Output Voltage High-Level VOH 
(Note 2) 
Input Low Voltage 
1,9 


oS 
=i 
oO 


st 


-&} oO 
Oy oO 


0, 10 0, 10 
(Note 2) 


(Note 2) 


Input High Voltage 3.5 
Output Low Drive (Sink) lo 
Current 0.10 0 
Output High Drive (Source) 
Current 7 
Input Current Any 
Input 
Three-State Output louT 
Leakage Current 


= 
oO 


Input Capacitance 


= 
ao 


(2) 


Output Capacitance 


NOTES: 


1. The CDP1824C/3 meets all 5V Static Electrical Characteristics of the CDP1824/3 except Quiescent Device Current for which the limits 
are Ipp = 200pA at +25°C/-55°C; Ipp = 1000pA at +125°C. 


2. Guaranteed, but not tested. 
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CDP1824/3, CDP1824C/3 


Read Cycle Dynamic Electrical Specifications Input tp, te < 15ns, C, = 50pF 


PARAMETER SYMBOL 
tAA 


Access Time From Address Change 


LIMITS 


-55°C, +25°C +125°C 


TEST 
CONDITIONS 


Access Time From Chip Select 


Output Active From MRD 


tpoa 
DATA OUT acl 
HIGH IMPEDANCE 
NOTE: 


1. Minimum timing for valid data output longer times will initiate an earlier, but invalid output. 
FIGURE 1. READ CYCLE TIMING DIAGRAM 


CDP1824/3, CDP1824C/3 


Write Cycle Dynamic Electrical Specifications input tp, te < 15ns, C, = 50pF 


LIMITS 
TEST 
PARAMETER SYMBOL 


CONDITIONS -55°C, +25°C +125°C 
UNITS 
Write Pulse Width 
tbH 
tcs 
tas 


Data Hold Time 


Vpop (NOTE 1) (NOTE 1) 
(V) MIN MIN 
Data Setup Time ~~ 


NOTE: 


10 
sf 00 
10 
5 
10 
1. Time required by a device to allow for the indicated function. 


Chip Select Setup Time 


ae 

cs 
ee 
ee 
340 


Address Setup Time 


Tas 
Ta | 
Tso [ 
Taf 
=f 
ee 
_—s [ 
[es 
ee ce 
fs 


10 


MA 
cs 
‘cs __.J 
aes Le 
MWR 
tos tox 
BUS 


FIGURE 2. WRITE CYCLE TIMING DIAGRAM 
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CMOS MEMORY 


CDP1824/3, CDP1824C/3 


Data Retention Specifications At Ta = +25°C 
LIMITS 
TEST 
CONDITIONS CDP1824/3 CDP1824C/3 


Vor Vpp 
PARAMETER SYMBOL (V) (V) 


Data Retention Quiescent Current | pp | 25 ce 


Chip Deselect to Data Retention Time 


Recovery to Normal Operation Time 


DATA RETENTION 
MODE 


0.95 Vpp 


Vpp 


Vop 


—<=— tr te ei 
(NOTE 1) (NOTE 1) 


tcprR 


trac 


NOTE: tr, te > ips. 
FIGURE 3. LOW Vpp DATA RETENTION WAVEFORMS AND TIMING DIAGRAM 


Static Burn-In Circuit 


Vpp oe > Vop 


L 


LLL! 


HET | 


Vss All Resistors 47kQ (420%)  Vss 


TYPE TEMPERATURE TIME 
CDP1824 +125°C 160 Hrs., Min. 
CDP1824C +125°C 160 Hrs., Min. 
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CDP1826C 


CMOS 64-Word x 8-Bit 
March 1997 Static RAM 


SEMICONDUCTOR 


Ga FARRIS 


Features Description 


e Ideal for Small, Low-Power RAM Memory Require- The CDP1826C is a general purpose, fully static, 64-word x 
ments in Microprocessor and Microcomputer Applica- 8-bit random-access memory, for use in CDP1800-series or 
tions other microprocessor systems where minimum component 

count and/or price performance and simplicity in use are 

desirable. 


¢ Daisy Chain Feature to Further Reduce External Me i EEE sie igeiacieds ane mut an cee 
Decoding Needs terminals with three-state capability for direct connection toa 
standard bidirectional data bus. Two chip-select inputs - CS1 

Multiple Chip-Select Inputs for Versatility and CS2 - are provided to simplify memory-system expan- 
sion. An additional select pin, CS/A5, is provided to enable 
the CDP1826C to be selected directly from the CDP1800 


e Interfaces with CDP1800-Series Microprocessors 
Without Additional Address Decoding 


Single Voltage Supply 


* No Clock or Precharge Required. multiplexed address bus without additional latching or 
; ; decoding. In an 1800 system, the CS/A5 pin can be tied to 
Ordering Information any MA address line from the CDP1800 processor. A TPA 


input is provided to latch the high-order bit of this address 
line as a chip-select for the CDP1826C. If this CS/A5 input is 
latched high, and if CS = 1 and CS2 = 0 at the appropriate 
time in the memory cycle, the CDP1826C will be enabled for 
writing or reading. In a non-1800 system, the TPA pin can be 
tied high, and the CS/A5 pin can be used as a normal 
address input. 


| eae | TEMP. RANGE | PART NUMBER Te 


PDIP, sé -40°C to +85°C [CDP 1826CE = | E22.4 


Pinout 


CDP1826C (PDIP) 
TOP VIEW 


The six input-address buffers are gated with the chip-select 
function to reduce standby current when the device is dese- 
lected, as well as to provide for a simplified power down 
mode by reducing address buffer sensitivity to long fall times 
from address drivers which are being powered down. 


Two memory control signals, MRD and MWR, are provided 
for reading from the writing to the CDP1826C. The logic is 
designed so that MWR overrides MRD, allowing the chip to 
be controlled from a single R/W. 


A CHIP ENABLE OUTPUT is provided for daisy-chaining to 
additional memories or I/O devices. This output is high 
whenever the chip-select function selects the CDP1826C, 
which deselects any other chip which has its CS input con- 
nected to the CDP1826C CEO output. The connected chip is 
selected when the CDP1826C is deselected and the MRD 
input is low. Thus, the CEO is only active for a read cycle 
and can be setup so that a CEO of another device can feed 
the MRD of the CDP1826C, which in turn selects a third chip 
in the daisy chain. 


> 
a 
2) 
= 
Lu 
= 
” 
O 
= 
oO 


The CDP1826C has a recommended operating voltage of 
4.5V to 5.5V and is supplied in 22 lead dual-in-line plastic 
packages (E suffix). The CDP1826C is also available in chip 
form (H suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 31 1 2 
Copyright © Harris Corporation 1997 6-47 
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CDP1826C 


CPU 
CDP1800 
SERIES 


8-BIT BIDIRECTIONAL DATA BUS 


FIGURE 1. TYPICAL CDP1802 MICROPROCESSOR SYSTEM 
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CDP1826C 


Absolute Maximum Ratings 


DC Supply Voltage Range, (Vpp) 
(All Voltages Referenced to Vss Terminal) 


Thermal Information 


Thermal Resistance (Typical) Oya (CCIW) ®8yc (PCW) 
POP FRGMAOG <6 66 eeioreeeesenn es 75 N/A 


as ox i es Rahn e hw hee weed Weee aes -0.5V to+7V__—_— Device Dissipation Per Output Transistor 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V Ta = Full Package Temperature Range 
DC Input Current, Any One Input.....................005. +10mA (All Package Type@sS)........... 0... cece eee eee eee 100mW 
Power Dissipation Per Package (Pp) Operating Temperature Range (Ta) 
Ta = -40°C to +60°C (Package Type E).............. 500mWw Package Type D. oo... cusansessntancewewns -55°C to +125°C 
Ta = +60°C to +85°C (Package Type E)...... Derate Linearly at Package Type E......... 0.0.00. cece eee -40°C to +85°C 
12mWPC to 200mW Storage Temperature Range (TsTG)...........- -65°C to +150°C 
Ta = -55°C to +100°C (Package Type D)............. 500mW Lead Temperature (During Soldering) 


. Derate Linearly at 
12mW/°C to 200mw 


At distance 1/16 +1/32 In. (1.59 +0.79mm) 
from case for 10s Max.... 0.0... eee eee ee ees +265°C 


Ta = +100°C to +125°C (Package Type D). . 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


CDP1826C 


Static Electrical Specifications At Ts = -40°C to +85°C, Vpp = 5V +5%, Except as Noted: 


CONDITIONS LIMITS 
| epP1s26¢ 826C 
VIN em 1) 
PARAMETER SYMBOL he (V) TYP UNITS 


a A 
cos 
Pe [vee [ae 


Input High Voltage 


Input Leakage Current 


1. Typical values are for Ta = +25°C and nominal Vpp. 
2. Outputs open circuited; Cycle time = 1ps. 
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CDP1826C 


Signal Descriptions 


AO - A4, CS/A5 (Address Inputs): These inputs must be 
stable prior to a write operation, but may change asynchro- 
nously during Read operations. 


In an 1800 system, the multiplexed high-order address bit at 
pin CS/A5 can be latched at the end of TPA. A high level will 
provide a valid chip select for the CDP1826C. The low-order 
address bit which appears after TPA is used for data word 
selection. In non-1800 systems, TPA can be tied high to dis- 
able the latch and allow the CS/A5 pin to function as a nor- 
mal address input. 


BUS 0 - BUS 7: 8-bit three-state ‘common input/output data 
bus. 


TPA: High-order address strobe input. The high-order 
address bit at input CS/A5 is latched on the high-to-low tran- 


sition of the TPA input. Tie TPA high to disable the CS/A5 
latch feature. 


CS1, CS2 (Chip Selector): Either chip select (CS1 or CS2), 
when not valid, powers down the chip, disables READ and 
WRITE functions, and gates off the address and output buffers. 


MRD, MWR: Read and Write control signals. MWR over- 
rides MRD, allowing the CDP1826C to be controlled from a 
single R/W line. 


CEO (Chip Enable Output): Allows daisy chaining to addi- 
tional memories. CEO is high whenever the CDP1826C is 
selected. CEO is only active (low) for a Read cycle with the 
CDP1826C deselected and the MRD input low. 


Vpp; Vss: Power supply connections. 


BUS 0 
AO BUS 1 
: 4 & = 
A2 Pree XY 64x 8 BUS 3 
A3 BUFFERS || DeCopeE |] maTRix BUS 4 
-_ -_= 
CS/A5 BUS 6 
a BUS 7 
TPA 
cst 
Cs2 
MWR 
-_ > —«e 


FIGURE 2. FUNCTIONAL DIAGRAM 
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CDP1826C 


| 

: | 

AS 
| ° A; i] 
TPA x 
i] | 

MAD 

| | | 

CEO | 

| 


BUS VALID DATA VALID DATA 


RAM CYCLE (RAM SELECTED) ROM CYCLE (RAM DESELECTED) 
CS1 = 1, CS2=0 


OPERATING MODES 


(NOTE 1) 
FUNCTION TPA CS/A5 


re foe fs | [ry 
esse | 1 | 1 | «1 [rey | 
tess | 1 fx | o | x] x |. 
[besoret_| 0 | x | 0 |x] x | o_ 
Posse | 1 | x | x [ae] o | 
[bess | 0 | x | x |e] o | o_ 
win [x fof. |'y~x |. 
OO 
a 
[esse | 1 | x of |x [7 

[beset | of xo fx | o 
NOTE: 


1. For CDP1800 Mode, refers to high order memory address bit level at time when TPA “*_ transition takes 
place. 


Mi XX] XT xX 


Non-CDP1800 Mode 


> 
co 
O 
= 
Lu 
= 
” 
O 
= 
oO 


FIGURE 3. CHIP ENABLE OUTPUT TIMING WAVEFORMS FOR CDP1800 BASED SYSTEMS 
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CDP1826C 


Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp = 5V +5%, Input tp, te = 10ns; C_ = 50pF and 1 TTL Load 


LIMITS 
CDP1826C 


(NOTE 1) (NOTE 2) 
PARAMETER MIN TYP UNITS 


READ - CYCLE TIMES (FIGURES 4 AND 5) 


Address to TPA Setup taSH 


Address to TPA Hold ta 


Access from Address Change by 


TPA Pulse Width tpaw 


Output Valid from MRD t 


CEO Delay from TPA *“_ Edge 


H 

AA 

AM 

Access from Chip Select tac 
ICA 

MC 


MRD to CEO Delay t 


Output High Z from Invalid MRD tRHzZ 


75 
Output High Z from Chip Deselect tsHz ae 
NOTES: 
1. Time required by a limit device to allow tor the indicated function. 


2. Typical values are or Ta = 25°C and nominal Vpp. 


HIGH ORDER 
AO - AS ADDRESS BYTE 


TPA 


7 Z| We 


. Sill 
BUS VALID DATA 
HIGH IMPEDANCE 


Sei 


o 


FIGURE 4. TIMING WAVEFORMS FOR READ CYCLE 1 


CDP1826C 


o 


MO LLL Wiz 


—= trHz 


198 LLL LLL OF, 


—— = tsnz 


HIGH IMPEDANCE 
BUS VALID DATA 


tam 
FIGURE 5. TIMING WAVEFORMS FOR READ-CYCLE 2 (TPA HIGH) 


Dynamic Electrical Specifications At T, = -40 to +85°C, Vpp = 5V + 5%, Input tp, te = 10ns; C, = 50pF and 1 TTL Load 


CDP1826C 


(NOTE 1) (NOTE 2) 
PARAMETER MIN TYP 


WRITE - CYCLE TIMES (FIGURES 6 AND 7) 
Address to TPA Setup, High Byte 
Address to TPA Hold 


Address Setup, Low Byte 


> 
co 
Oo 
= 
Lu 
= 
” 
O 
= 
O 


NOTES: 
1. Time required by a limit device to allow tor the indicated function. 


2. Typical values are for Ta = 25°C and nominal Vpp. 
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CDP1826C 


LLL 


Wilms, 


FIGURE 6. TIMING WAVEFORMS FOR WRITE-CYCLE 1 


FIGURE 7. TIMING WAVEFORMS FOR WRITE-CYCLE 2 (TPA = HIGH) 


CDP1826C 


Data Retention Specifications At T, = -40 to +85°C, see Figure 8 


TEST 
CONDITIONS 


| LIMITS | 
= 
Vor ee (NOTE 1) 
PARAMETER (V) TYP UNITS 
Minimum Data Retention 2.5 
Voltage VpR 
Data Retention Quiescent yA 
Current top 
Chip Deselect to Data 
Retention Time tcprR 
Recovery to Normal 
Operation Time tro 
Vpp to Vpr Rise and yA 
Fall Time tr, te 


NOTE: 
1. Typical values are or Ta = 25°C and nominal Vpp. 


DATA RETENTION 
MODE 


Vin 


FIGURE 8. LOW Vpp DATA RETENTION TIMING WAVEFORMS 
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a HARRIS MWS5101A 


March 1997 LSI Static RAM 


Features Description 


¢ Industry Standard Pinout The MWS5101 and MWS5101A are 256 word by 4-bit static 
random access memories designed for use in memory 
systems where high speed, very low operating current, and 
simplicity in use are desirable. They have separate data 
Two Chip Select Inputs Simple Memory Expansion inputs and outputs and utilize a single power supply of 4V to 

6.5V. The MWS5101 and MWS5101A differ in input voltage 


Memory Retention for Standby 2V (Min) characteristics (MWS5101A is TTL compatible). 
Battery Voltage 


¢ Very Low Operating Current 
at Vpp = 5V and Cycle Time = 1s 


Two Chip Select inputs are provided to simplify system 
expansion. An Output Disable control provides Wire-OR 
Three-State Data Output for Bus Oriented Systems capability and is also useful in common Input/Output 

systems by forcing the output into a high impedance state 
Separate Data Inputs and Outputs during a write operation independent of the Chip Select input 
TTL Compatible (MWS5101A) condition. The output assumes a high impedance state 
when the Output Disable is at high level or when the chip is 
deselected by CS1 and/or CS2. 


Pinout The high noise immunity of the CMOS technology is 
preserved in this design. For TTL interfacing at 5V operation, 
excellent system noise margin is preserved by using an 
external pull-up resistor at each input. 


Output Disable for Common I/O Systems 


MWS5101, MWS5101A 
(PDIP, SBDIP) 
TOP VIEW 
For applications requiring wider temperature and operating 
voltage ranges, the mechanically and functionally equivalent 

static RAM, CDP1822 may be used. 


The MWS5101 and MWS5101A types are supplied in 22 
lead hermetic dual-in-line, sidebrazed ceramic packages (D 
suffix), in 22 lead dual-in-line plastic packages (E suffix), and 
in chip form (H suffix). 


Ordering Information 


| MWws5101_ | | MWS5101A | 
ee eee eee 
PDIP 0°C to +70°C + |MWS5101EL2 |MWS5101ELS_ |MWS5101AEL2 
fame Dee eee 
eumin 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 1 06 2 
Copyright © Harris Corporation 1997 6-56 


MWS5101, MWS5101A 


OPERATIONAL MODES 


PE Gee 
(CS) (CS>) DISABLE (OD) (R/W) OUTPUT 

a A 
wits) at 
a a GC 
fSandoy |X| 8 ance 


NOTE: Logic 1 = High, Logic 0 =Low, X = Don't Care. 


Functional Block Diagram 


(32) A 


AO ¢ (5) ROW i 
Al ¢ BUFFERS sag tT 
+ —ov 
A2 © AND . DD 
ALL ROWS . 
A3 ¢ DESELECT . 
AA ¢ FUNCTION . 
| 
| 
| 
4 '] 
(4) tot ‘ 
DI ¢ BUFFER 9 D01 
Di2 gt " BITS } DRIVERS ob Woae 
DIs o> GATES 14 C Dos 
Di4 oe M6 Thos 
| | 
| | 
i 8 
| | 
| £ 
| | > 
5 (3) F oc 
as GS-4] _ INPUT ‘ O 
+6 BUFFERS 1 = 
A6 OC ] Lid 
t7 0 a = 
A7 © DESELECT t ” 
a] FUNCTION e Oo 
a a — 
F 5 ro) 
120 18 1 
. . 
E i 
fs t gttt 
Si ¢ CONTROL CONTROL +T—°Vss 
17 4 A Cc ' 
CS2 ¢ S 
tie | 
OD ¢ a 
.] | 
bBuagameme@ugeaEemeeweeeenBeBteeHeeeeeeeeeeeeeeeweweeeeeeeeeeeeeeseeseeeees eee eS a 
Vpp Vpp Vpp 
Vss Vss Vss 
+ INPUT PROTECTION ++ OUTPUT +++ OVER VOLTAGE 
NETWORK PROTECTION PROTECTION 
CIRCUIT CIRCUIT 
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MWS5101, MWS5101A 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Range, (Vpp) Thermal Resistance (Typical) Oya (CCIW) 8jc (PCW) 
(All Voltages Referenced to Vsg Terminal)........ -0.5V to +7V PIIP POQGUG o06c onsen nse neuen hs 75 N/A 
Input Voltage Range, Alllnputs ............. -0.5V to Vpp +0.5V SEUIP PACKAGG. 6 50sccacesenanens 80 21 
DC Input Current, Any One Input......................... +10mA Operating Temperature Range (Ta) 
Package Type D...s cave ceecasesevaseseses -55°C to +125°C 
Package Type E.......... ce cece eee eee eee -40°C to +85°C 


Maximum Storage Temperature Range (TsTq) . . .-65°C to +150°C 
Maximum Junction Temperature 

GCoramic Package ..c.cccicessasecaanveursiarpese +175°C 

Plastic Package............. 00 cece ee cence eee ees +150°C 
Maximum Lead Temperature (During Soldering) 

At distance 1/16 +1/32 In. (1.59 +0.79mm) 

fren Ga86 6 10S MAK 6s ccc scnncadnacecsewe ress +265°C 


Recommended Operating Conditions At T, = Full Package Temperature Range. For maximum reliability, operating conditions 
should be selected so that operation is always within the following ranges: 


DC Operating Voltage Range 
Input Voltage Range 


Static Electrical Specifications At T, = 0°C to +70°C, Vpp = 5V +5% 


| CONDITIONS | LIMITS 
VIN 
PARAMETER SYMBOL (Vv) 


Quiescent Device L2 Types is ie 6 Ee 
Current 
Leakage Current 

IES RARE 
(ee eeuieabsi ow PS 
Dip Capectints } Sour | dT 


NOTES: 
1. Typical values are for Ta = +25°C and nominal Vpp. 
2. Outputs open circuited; Cycle time = ips. 


8 
= 
m 


i 
boy 


aoe : 


L3 Types 
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MWS5101, MWS5101A 


Dynamic Electrical Specifications at Ts = 0°C to +70°C, Vpp = 5V +5% 


LIMITS (NOTE 1) 


L2 TYPES L3 TYPES 


(NOTE 2) 


PARAMETER 
READ CYCLE TIMES (FIGURE 1) 


SYMBOL 


Read Cycle 


a 
fe) 


Access from Address 


Output Valid from Chip Select 1 


> 


Output Valid from Chip Select 2 tpoa2 


Output Valid from Output Disable tpoa3 


Output Hold from Chip Select 1 tpoH1 


Output Hold from Chip Select 2 tpoH2 


Output Hold from Output Disable 
WRITE CYCLE TIMES (FIGURE 2) 
Write Cycle 


tDOH3 


Address Setup 

Write Recovery 

Write Width 

Input Data Setup Time 
Data in Hold 

Chip Select 1 Setup 
Chip Select 2 Setup 
Chip Select 1 Hold 
Chip Select 2 Hold 


SIF Zi -/| |= 
ARIA ZIZig\5 
Titiole = 


Output Disable Setup 
NOTES: 


(NOTE 3) 
MIN TYP 


(NOTE 2) | (NOTE 3) 
MIN TYP 


— NM] h 

= o1 ed 

oO oO}; © 
Ww 
oa 
fo) 


—_ Qi Ww 
a oy, o 
oO oe i) 


ole ke =f fp 
ny, a Si also 
jo) ok i) 


1. MWS5101: tp, te = 20ns, Viy = 0.7Vpp, Vit = 0.3Vpp; CL = 100pF and MWS5101A: tp, te = 20ns, Viy = 2.2V, Vip = 0.65V; CL = 50pF 


and 1 TTL Load. 


2. Time required by a limit device to allow for the indicated function. 


3. Typical values are for Ta = 25°C and nominal Vpp. 
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MWS5101, MWS5101A 


tre 


CHIP SELECT 1 ee 
CHIP SELECT 2 es tbo = tpoH2 > 
oe i ene: _ fe 
READ/WRITE 
taAA 
DATA OUT 
DATA OUT 
HIGH VALID HIGH 
IMPEDANCE IMPEDANCE 
FIGURE 1. READ CYCLE TIMING WAVEFORMS 
twR 


CHIP SELECT 1 


OUTPUT DISABLE (wold tbH 
»« CEE cae ae 


READ/WRITE 


NOTE: tops is required for common I/O operation only; for separate I/O operations, output disable is “don’t care”. 


FIGURE 2. WRITE CYCLE TIME WAVEFORMS 


MWS5101, MWS5101A 


Data Retention Specifications at T, = 0°C to +70°C; See Figure 3 


TEST 
CONDITIONS LIMITS 
ALL TYPES TYPES 
Vor Vpp eed 1) 
PARAMETER SYMBOL (V) (V) TYP UNITS 


a 
Data Retention Quiescent Current L2 Types 2 foe toe fe | 0 | ww 
ZARA SSE LAS 
a 
A 
Peowvinamwesrame fw fe fe fe | LP 


NOTE: 
1. Typical Values are for Ta = 25°C and nominal Vpp. 


Vpp 
DATA RETENTION J aEAD 
sala DECODER | _ 
0.95 Vop 0.95 Vop z re 
< t t < 
te - 
Q Qa 
WRITE 
ADDRESS 
DECODER 
C 
Vpp 
FIGURE 3. LOW Vpp DATA RETENTION TIMING WAVEFORMS FIGURE 4. MEMORY CELL CONFIGURATION 
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MWS5101, MWS5101A 


ewrrnrrrnr rrr rrr erre 7 
CONTROLA |! 
I I 
I 
cst 19 1 be La : A 
1 > CHIP-SELECT 
1 fa : 1 | CONTROL 
i i 
CS2 17, , 
as es i ee ' 
reer wrnrnmr Pwr rrr rrr 3m ee . 
t t 
: CONTROL B 1 
—_ | I 
R/W B 
——— iar i: | > CHIP-SELECT AND 
| | RAV CONTROL 
ee ee ee ee a 
Pw wmr nmr m Pm nr mmr terreno . 
. CONTROLC 
1 1} C 
» 1 | OUTPUT 
OUTPUT | 1 f DISABLE 
18 | > S - o— 1 | CONTROL 
, - 
DISABLE | 
Se ee ee di 


FIGURE 5. LOGIC DIAGRAM OF CONTROLS FOR MWS5101, MWS5101A 
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wo ee HM-6508 


March 1997 1024 x 1 CMOS RAM 
Features Description 
e Low Power Standby...........0ceeeeees 50uW Max The HM-6508 is a 1024 x 1 static CMOS RAM fabricated 
* Low Power Operation ............. 20mW/MHz Max using self-aligned silicon gate technology. ‘Synchronous 
; circuit design techniques are employed to achieve high per- 

e Fast Access Time. ...........cccevenees 180ns Max formance and low power operation. 
* Datla Retention ....scscasensenecnsnmeuaews 2.0V Min 

; On-Chip latches are provided for address, allowing efficient 
* TTL Compatible Input/Output interfacing with microprocessor systems. The data output 
¢ High Output Drive - 2 TTL Loads buffers can be forced to a high impedance state for use in 


expanded memory arrays. 


Ordering Information 


TEMPERATURE 
RANGE 180ns 


On-Chip Address Register 
The HM-6508 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention supply 
voltage and supply current are guaranteed over temperature. 


PDIP -40°C to +85°C |HM3-6508B-9 | HM3-6508-9 E16.3 
CERDIP -40°C to +85°C + |HM1-6508B-9 | HM1-6508-9 F16.3 


Pinout 


HM-6508 
(PDIP, CERDIP) 
TOP VIEW 


> 
a 
O 
= 
Wu 
= 
” 
O 
= 
O 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2984 1 
Copyright © Harris Corporation 1997 6-63 


HM-6508 


Functional Diagram 


‘AB LATCHED 32 x 32 
A7 ¢ ADDRESS ROW x 
ke REGISTER MATRIX 


=| 


mi 


AO Ail A2 A3 A4 


NOTES: 
1. All lines positive logic - active high. 
2. Three-state buffers: A high — output active. 
3. Address latches and gated decoders: latch on falling edge of E and gate on falling edge of E. 
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HM-6508 


Absolute Maximum Ratings Thermal Information 
SUDO VONGOS < skis cess ckiaredewhavewasdeanei ea eens +7.0V Thermal Resistance (Typical, Note 1) ByA 8JC 
Input, Output or I/O Voltage ........... GND -0.3V to Voc +0.3V PDIP Package................00. 90°C/W N/A 
Typical Derating Factor........... 1.5mA/MHz Increase in ICCOP CERDIP Package ................ 75°C/W 15°C/W 
ESD Classification ............ 0... cee eee eee eee eee Class 1 Maximum Storage Temperature Range Se eas au eed -65°C to +1 50°C 
Maximum Junction Temperature... .......... 0.0.00 ee +175°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............ +300°C 
Operating Voltage Range...................4. +4.5V to +5.5V . a 
Operating Temperature Range Die Characteristics 

HM-6508B-9, HM-6508-9.................-. 40°C to+85°C = Gate Count ..... 0... cece eee eee c cece eceeeeeees 1925 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 


DC Electrical Specifications Vcc = 5V +10%; Ta = -40°C to +85°C (HM-6508B-9, HM-6508-9) 


SYMBOL PARAMETER | MIN| |) MAX UNITS TEST CONDITIONS 
ICCSB Standby Supply Current 10 pA lO = OmA, VI = Voc or GND, 
Voc = 5.0V 
ICCOP Operating Supply mA E = 1MHz, 1O = OmA, VI = Vcc or 
Current (Note 1) 


GND, Vcc = 5.5V 
Data Retention Supply | HM-6508B-9 a Le 
Current 
VCCDR Data Retention Supply Voltage 20 | 
Input Leakage Current i VI = Voc or GND, Voc = 5.5V 


a Output Leakage Current 


Voc = 2.0V, IO = OmA, VI 
GND, E = Vcc 


= Vcc or 


SN 
[vor [ormarenvome tee | | [Orta veone 


Capacitance Ty, = +25°C 


SYMBOL PARAMETER p MAX UNITS TEST CONDITIONS 
Input Capacitance (Note 2) a ae f = 1MHz, All measurements are 
referenced to device GND 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes 1. 


AC Electrical Specifications Vcc = 5V 10%; Ta = -40°C to +85°C (HM-6508B-9, HM-6508-9) 


HM-6508B-9 HM-6508-9 
SYMBOL PARAMETER ) MIN: | MAX | 
180 250 


(1) TELQV Chip Enable Access Time pf 180 | 
(2) TAVQV Address Access Time p= | 180 | 
(3) TELQX | Chip Enable Output Enable Time p58 | 120 | 


TEST 
CONDITIONS 


UNITS 
(Notes 1, 3) 
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AC Electrical Specifications Voc = 5V +10%; Ta = -40°C to +85°C (HM-6508B-9, HM-6508-9) (Continued) 


HM-6508B-9 HM-6508-9 
SYMBOL PARAMETER UNITS 


7) 
8) 
9) 


TEST 
CONDITIONS 


es 
freee 
a 
ce 
|e 
ee 
= 
Te 
= 
= 
= 
= 


= 
el 
<a 
es oe 
Cs oe 
— 
<= 
<= 
<= 
=< 
=a 


(Notes 1, 3) 
(15) TELEL Read or Write Cycle Time (Notes 1, 3) 
NOTES: 


1. Input pulse levels: 0.8V to Voc -2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, C, = 50pF (min) - for C_ greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


IRE 
a 
a 
et 


Timing Waveforms 


TELAX 


(8) TAVEL —> (9) (8) TAVEL 
RR AV\YXY ILA 0 MYYYYYYYYJLLJID LLL LL LLL ff Ae \NEXT 
nm ; 
x OE) ees 
” NG er ETERS eaRCNE RR eRcreemmmanaeieS 


> WLLL LEE” 


TEHOZ TELOV (1) TEHOZ 


(5) TELOX — (3) io (5) 


0 C) Ta 


TIME (3) 


FIGURE 1. READ CYCLE 


6-66 


HM-6508 


TRUTH TABLE 


INPUTS 


In the HM-6508 Read Cycle, the address information is latched 
into the On-Chip registers on the falling edge of E (T = 0). Mini- 
mum address setup and hold time requirements must be met. 
After the required hold time, the addresses may change state 
without affecting device operation. 


Timing Wavforms (continued) 


(8) TAVEL —> PFELAX, (9) 


> 


(7) 
TEHEL ———»> 


mil 


W LQLLLLMLLLLLLLLLLLOD 


OUTPUTS 
FUNCTION 


a 
= 
es Ce 


During time (T = 1) the data output becomes enabled; however, 
the data is not valid until during time (T = 2). W must remain 
high for the read cycle. After the output data has been read, E 
may return high (T = 3). This will disable the chip and force the 
output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory cycle 


(T = 4). 


(8) TAVEL —> 


LLLLLLLLL LL) 1? 2 aizy 


(15) 
(7) 


TWLEH (12) 


(14) 


—_ WILLE. 


(13) 


VLLLLLLLLLLLLLL LLL LLL LE OWNS LLLLLLLLLL Le 
aes (10) TDVW TWHDX (11) 


TIME | | | | | ) 
REFERENCE 


-1 0 1 


FIGURE 2. WRITE CYCLE 
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HM-6508 


TRUTH TABLE 


INPUTS 


TIME 
REFERENCE 


ae 
a  ) 


The write cycle is initiated by the falling edge of E which 
latches the address information into the On-Chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle, provided that the write enable pulse setup time 
(TWLEH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 


“EEN: 


2 


lf a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. 


Test Load Circuit 


DUT 


(NOTE 1) C, 


NOTE: 
1. Test head capacitance includes stray and jig capacitance. 


OUTPUTS 
FUNCTION 


= | Cycle Begins, Addresses are Latched 

| 2 Write Period Begins 

| o£ | Data is Written 

| 2 | Write Completed 


z 
Zz 
Z 
Z 
Fd 


rs Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


By positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be per- 
formed. 


If the E low time (TELEH) is greater than the W pulse 
(TWLWh), plus an output enable time (TELQX), a combina- 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will ensure that the output buffers are not 
active. 
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HARRIS HM-6508/883 


March 1997 1024 x 1 CMOS RAM 


Features Description 


¢ This Circuit is Processed in Accordance to The HM-6508/883 is a 1024 x 1 static CMOS RAM 
MIL-STD-883 and is Fully Conformant Under the Provi- fabricated using self-aligned silicon gate technology. 
sions of Paragraph 1.2.1. Synchronous circuit design techniques are employed to 


Low Power Standby achieve high performance and low power operation. 


On chip latches are provided for address allowing efficient 
interfacing with microprocessor systems. The data output 
Fast Access Time 180ns Max buffers can be forced to a high impedance state for use in 


Data Retention ......csexscasestuanvcenns 2.0V Min expanded memory arrays. 


TTL Compatible Input/Output The HM-6508/883 is a fully static RAM and may be main- 

tained in any state for an indefinite period of time. Data 
High Output Drive - 2 TTL Loads retention supply voltage and supply current are guaranteed 
over temperature. 


Low Power Operation 


On-Chip Address Register 


Ordering Information 


|PACKAGE | TEMP. RANGE | 180ns_| _250ns_| PKG. NO. | 


CERDIP -55°C to +125°C | HM1- HM1- F16.3 
6508B/883 | 6508/883 


Pinout 


HM1-6508/883 
(CERDIP) 
TOP VIEW 


> 
a 
O 
= 
uJ 
= 
Yn”) 
Oo 
= 
O 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2985 1 
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Functional Diagram 
AS 
A6 LATCHED 
A7 ADDRESS 
AB REGISTER 
A9 
32 
D GATED COLUMN 
DECODER 7 
|_aisehtt Hx ° 
es eee 
’ fi ri 
sd 
E REGISTER 
AO Ai A2 A3 A4 
NOTES: 


1. All lines positive logic - active high. 
2. Three-state buffers: A high — output active. 
3. Address latches and gated decoders: Latch on falling edge of E and gate on falling edge of E. 
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Absolute Maximum Ratings Thermal Information 

BODO VONROE sa ceveekee ence eeu eed deeeveninnae ress +7.0V Thermal Resistance (Typical, Note 1) ByA Byc 

Input, Output or I/O Voltage ........... GND -0.3V to VCC +0.3V CERDIP Package ................ 75°C/W 15°C/W 

Typical Derating Factor........... 1.5mA/MHz Increase in|ICCOP Maximum Storage Temperature Range ......... -65°C to +150°C 

PSO CSSCRUO vce resk.cdv heres conde secueeenes Class 1 Maximum Junction Temperature.................0005. +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Operating Conditions 
Die Characteristics 


Operating Voltage Range..................... +4.5V to +5.5V 
Operating Temperature Range................ 55°C to+125°C 9 Gate Count... 0... .. ccc ccc ccc cece eee enanees 1925 Gates 
INDUL LOW VONAGG. ccc enact ive savansavvinsvens OV to +0.8V 
Input High Voltage .............. cece eee eee VCC -2.0V to VCC 
INDUt AISG GNG Fall TING: ciccacccwindeicereanseene 40ns Max. 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


TABLE 1. HM-6508/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 
Device Guaranteed and 100% Tested 
(NOTE 1) 


| LIMITS 
GROUP A 
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS | TEMPERATURE oce UNITS 

Output Low Voltage VOL VCC = 4.5V, -55°C < Ta < +125°C 

IOL = 3.2mA 
Output High Voltage VOH | vcc=4.5v, 1,23 55°C < Ty < +125°C V 

IOH = -0.4mA 
Input Leakage Current ak 5.5V, -55°C < Ta < +125°C +1.0 pA 

= GND or VCC 

Output Leakage Current VCC = 5.5V, -55°C < Ta < +125°C +1.0 

VO = GND or VCC 


Data Retention Supply Current ICCDR VCC = 2.0V, 
E=VCC, 

lO = OmA, 

Vi = VCC or GND 


HM-6508B/883 


HM-6508/883 


VCC = 5.5V, 
(Note 2), 
E = 1MHz, 


Operating Supply Current 


VCC = 5.0V, 
10 = OmA, 
= VCC or GND 


Standby Supply Current 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 
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TABLE 2. HM-6508/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 
Device Guaranteed and 100% Tested 


PARAMETER 


Chip Enable 
Access Time 


LIMITS 


HM-6508B/883 | HM-6508/883 


SYMBOL 
(1) TELQV 


UNITS 


GROUP A 
(NOTES 1, 2) SUB- 
CONDITIONS | GROUPS TEMPERATURE | MIN 
9,10,11 | -55°C < Ta < +125°C a 
-55°C < Ta < +125°C maid 


VCC = 4.5 and 
5.5V 


Address Access (2) TAVQV_ | VCC = 4.5 and 
Time 5.5V, Note 3 


VCC = 4.5 and 
5.5V 


Chip Enable 
Output Disable 
Time 


(3) TELQX 9,10, 11 


-55°C < Ta < +125°C 


VCC = 4.5 and 
5.5V 


Write Enable 
Output Disable 
Time 


Chip Enable 
Output Disable 
Time 


(4) TWLQZ 


9,10,11 | -55°C < Ty < +125°C 


ine) 
on 


VCC = 4.5 and 
5.5V 


(5) TEHQZ -55°C < Ta < +125°C 


Chip Enable (6) TELEH | VCC =4.5 and 9, 10, 11 -55°C < Ta < +125°C 250 
Pulse Negative 5.5V 

Width 

Chip Enable (7) TEHEL | VCC =4.5 and 9, 10, 11 -55°C < Ta $ +125°C 100 100 


Pulse Positive 5.5V 
Width 


Address Setup (8) TAVEL | VCC =4.5 and 9,10,11 ]| -55°C < Ta < +125°C 
Time 5.5V 
Address Hold (9) TELAX | VCC =4.5 and 9,10,11 | -55°C <Ta < +125°C 
Time 5.5V 
Data Setup Time | (10) TDVWH | VCC =4.5and | 9,10,11 | -55°C < Tas +125°C Lae 
5.5V 


Data Hold Time (11) TWHDX | VCC = 4.5 and 9, 10, 11 -55°C < Ta $ +125°C 
5.5V 


Chip Enable (12) TWLEH | VCC =4.5 and 
5.5V 


ali _ 
Ww — 
oO io) 


9,10, 11 
Write Pulse 
Setup Time 


Chip Enable (13) TELWH | VCC = 4.5 and 9,10, 11 130 
Write Pulse Hold 
Time 
Write Enable (14) TWLWH | VCC = 4.5 and 130 
Pulse Width 5.5V 

= 4, 350 


Read or Write (15) TELEL | VCC = 4.5 and 9,10,11 | -55°C < Ta < +125°C 
Cycle Time 5.5V 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC -2.0V; Input rise and fall times: 5ns (max); input and output timing reference level: 1.5V; Output load: 
1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 
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TABLE 3. HM-6508/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


| LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE | TEMPERATURE = T= « UNITS 
Input Capacitance VCC = Open, f = 1MHz, All Ta = +25°C 
Measurements Referenced 
to Device Ground 
Output Capacitance VCC = Open, f = 1MHz, All pe Ta = +25°C sa ha ka 
NOTE: 


Measurements Referenced 
to Device Ground 

1. The parameters listed in Table 3 are controlled via design or process; parameters are characterized upon initial design and after major 

process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


a 


Timing Waveforms 


TELAX 


(8) TAVEL —> (9) (8) TAVEL —>| |< 
» VLLLLLLLOX A KALLE [NT 
7 (15) 
um oo (7) 
D LLL 

¥ = = = (1) - EHOZ a 

0 —< 

REFERENCE a a ee ae: 


FIGURE 1. READ CYCLE 
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HM-6508/883 


TRUTH TABLE 


INPUTS 


TIME REFERENCE 


In the HM-6508/883 Read Cycle, the address information is 
latched into the on-chip registers on the falling edge of E 

(T = 0). Minimum address setup and hold time requirements 
must be met. After the required hold time, the addresses 
may change state without affecting device operation. During 
time (T = 1) the data output becomes enabled; however, the 
data is not valid until during time (T = 2). 


Timing Wavforms (continued) 


oe Ee eee 
pe 2 ee 


W must remain high for the read cycle. After the output data 
has been read, E may return high (T = 3). This will disable 
the chip and force the output buffer to a high impedance 
state. After the required E high time (TEHEL) the RAM is 
ready for the next memory cycle (T = 4). 


(8) TAVEL —> (9) (8) TAVEL —> 
A ( [vain eR NET 
TEHEL __» 7 

. a TWLEH (12) 
CALL LLL LLllltlllx cia V/LLLLLLLLLLLLL La 
D (13) 

MVihhLlllllllllllltlllIR ALLO SO RLLLLLLL LLL 

— (10) TDVWH TWHDX (11) 


-1 0 1 


FIGURE 2. WRITE CYCLE 
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HM-6508/883 


TRUTH TABLE 


TIME 
REFERENCE 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle, provided that the write enable pulse setup time 
(TWLE#) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 


Test Load Circuit 


DUT 


(NOTE 1) CL 


NOTE: 
1. Test head capacitance includes stray and jig capacitance. 


INPUTS OUTPUTS 
H 


Pox fz Cycle Begins, Addresses are Latched 


Memory Disabled 


times must be referenced to the rising edge of E. By posi- 
tioning the W pulse at different times within the E low time 
(TELEH), various types of write cycles may be performed. 


If the E low time (TELEH) is greater than the W pulse 
(TWLWh), plus an output enable time (TELQX), a combina- 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method, allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will ensure that the output buffers are not active. 


4 
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HM-6508/883 


Burn-in Circuit 


HM6508/883 CERDIP 
vec oy 

FO ~~ 
F3 F2 
F4 FI 
ES F12 
r6 F11 
F7 F10 
F2 F9 

F8 


NOTES: 


. 
. FO = 100kHz +10%. 
_F1=FO+2,F2=F1+2,F3=F2+2...F12=F11+2. 
. VCC = 5.5V +0.5V. 

. VIH = 4.5V +10%. 

. VIL = -0.2V to +0.4V. 

. C1 =0.01pF Min. 


NO ff W DY 


All resistors 47kQ +5%. 
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Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
130 x 150 x 19 +1mils 1.342 x 10° A/cm? 
METALLIZATION: LEAD TEMPERATURE (10s soldering): 
Type: Si - Al < 300°C 
Thickness: 11kA +2kA 
GLASSIVATION: 
Type: SiO» 


Thickness: 8kA +1 kA 


Metallization Mask Layout 


HM-6508/883 
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@ HARRIS HM-6518 


March 1997 1024 x 1 CMOS RAM 


Features Description 


Low Power Standby 50uW Max The HM-6518 is a 1024 x 1 static CMOS RAM fabricated 
20mW/MHz Max Using self-aligned silicon gate technology. Synchronous 

circuit design techniques are employed to achieve high 
Fast Access Time 180ns Max performance and low power operation. 


Data Retention at 2.0V Min Opn chip latches are provided for address and data outputs 

TTL Compatible Input/Output allowing efficient interfacing with microprocessor systems. 

High Output Drive - 2 TTL Loads The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 

High Noise Immunity 


The HM-6518 is a fully static RAM and may be maintained in 
On-Chip Address Register any state for an indefinite period of time. Data retention 


Two-Chip Selects for Easy Array Expansion supply voltage and supply current are guaranteed over- 
Three-State Output i dailaaiosins 


Low Power Operation 


Ordering Information 


[PACKAGE | TEMP. RANGE | Te0ne | 250ne_[PKG.NO, 


CERDIP | -40°C to +85°C | HM1- HM1- F18.3 
6518B-9 | 6518-9 


Pinout 


HM-6518 
(CERDIP) 
TOP VIEW 


[PN [DESCRIPTION 
ee 
[8 _ [enn sete 
ee 
ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2987 1 
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Functional Diagram 


A6 c¢ LATCHED 
A7 ¢ ADDRESS 32 x 32 


ROW 
Aa REGISTER MATRIX 
Ad 
_ 22 
D GATED COLUMN | D Q 
CODER LATCH 


subse ADDRESS 


VV 
i. 
be 


, + AO Ail A2 A3 A4 
NOTES: 

1. All lines positive logic - active high. 

2. Three-state buffers: A high — output active. 


3. Data latches: L high — Q = D; Q Latches on rising edge of L. 
4. Address latches and gated decoders: Latch on falling edge of E and gate on falling edge of E. 
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Absolute Maximum Ratings Thermal Information 
SUDDIY VOHRUG sxc cd ekeees eb aecens en dvesnes euxeeneses +7.0V Thermal Resistance (Typical, Note 1) ByA BIC 
Input, Output or I/O Voltage ........... GND -0.3V to Vcc +0.3V CERDIP Package ................ 75°C/W 15°C/W 
ESD ClSSINCSUON 66 osu ese do kes racedvusteas veeeees< Class 1 Maximum Storage Temperature Range Cetéanead -65°C to +1 50°C 
Maximum Junction Temperature................00000- +175°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............ +300°C 
Operating Voltage Range..................005 +4.5V to +5.5V . — 
Operating Temperature Range Die Characteristics 

HM-6518B-9, HM-6518-9.................- -40°C to+85°C Gate Count... 0.0... eee eee cece eee eee 1936 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8a is measured with the component mounted on an evaluation PC board in free air. 


DC Electrical Specifications Vcc = 5V +10%; Ta = -40°C to +85°C (HM-6518B-9, HM-6518-9) 


LIMITS 
SYMBOL | MIN |) MAX — UNITS TEST CONDITIONS 


ICCSB 10 pA 1O = OmA, VI = Voc or GND, 
Voc = 5.5V 

ICCOP 4 m E = 1MHz, |O = OmA, VI = Vcc or 
GND, Vcc = 5.5V 


Voc = 2.0V, lO = OMA, VI = Vcc or 
GND, E = Voc 


PARAMETER 


Standby Supply Current 


Operating Supply 
Current (Note 1) 


Data Retention Supply HM-6518B-9 


Current 


HM-6518-9 


Data Retention Supply Voltage 


Output Leakage Current -1.0 +1.0 
foawawanvowse | vox | 2 | - | ¥ [i=samkvocnay 


Capacitance Ty, = +25°C 


PARAMETER SYMBOL MAX UNITS TEST CONDITIONS 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


f = 1MHz, All measurements are 
referenced to device GND 
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AC Electrical Specifications Voc = 5V + 10%; Ta = -40°C to +85°C (HM-6518B-9, HM-6518-9) 


LIMITS 


HM-6518-9 


(9) TELAX 50 


To 
30 


(8) TAVEL 


(10) TDVWH 


20 
16 
16 
16 

0 

0 

0 

0 


UNITS 


TEST 
CONDITIONS 


(Notes 1, 3) 


1. Input pulse levels: 0.8V to Vcc - 2.0V; input rise and fall times: S5ns (max); Input and output timing reference level: 1.5V; output load: 
1 TTL gate equivalent, C_ = 50pF (min) - for C, greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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Timing Waveforms 


(9) 
TELAX 


oft 


« VILL 
TEHEL 7 
E (7) , 
W HIGH 
i 
D 
TELQV (1) 
——TAVQV (2) 
‘ PREVIOUS HIGH Z 
TSHQZ 
“0 Wn 
2 
TIME 
REFERENCE 


Mh 


TAVEL —> 


MLMLLLLLLLLLLLLLLLLLLLLLLLL La} 


(17) 


(7) 


VLLLLLLLLL LLL LLL LLL LLL LLLLLLLLLLLLLLLLLLLL LLL 


HIGH Z 


(5) —=| TSHQZ 


FIGURE 1. READ CYCLE 


TRUTH TABLE 


INPUTS 
TIME 


REFERENCE 


a 


OUTPUTS 
FUNCTION 


|e Memory Disabled 


OutputLatched = OutputLatched = 


rs Device Disabled, Prepare for Next Cycle 
(Same as -1) 
Cycle Ends, Next Cycle Begins 
(Same as 0) 


NOTE: 


In the HM-6518 read cycle the address information is 


latched into the on chip registers on the falling edge of E 


(T = 0). Minimum address setup and hold time require- 
ments must be met. After the required hold time the 
addresses may change state without affecting device oper- 
ation. In order for the output to be read $1, S2 and E must 


1. Device selected only if both S1 and S2 are low, and deselected if either S71 or S2 are high. 


be low, W must be high. When E goes high, the output 
data is latched into an on chip register. Taking either or 
both S1 or S2 high, forces the output buffer to a high 
impedance state. The output data may be re-enabled at 
any time by taking S1 and S2 low. On the falling edge of E 
the data will be unlatched. 
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Timing Wavforms (Continued) 


(9) 
TELAX 


a 


(8) TAVEL —> 


(8) TAVEL 


VLLLLLLLLLLI,. SY QRLLLLLLLLLLLLLLLLLLLLLLLLL LLIN 


TEHEL (7)——> 
E 
TELWH (15 ein 
WMALLKLLLLLLLLL LLL Lx nn MLL 
TWHDX (11) 
D pees wbdeemiimenians <mmmameamans 


Sy WLLL 


TSLWH (14 
TWLSH (12) 


MLLLLLLLLLLLLL Le 


TIME | | | | | | | 
REFERENCE 


-1 0 1 


FIGURE 2. WRITE CYCLE 


TRUTH TABLE 


INPUTS OUTPUTS 
TIME 


REFERENCE 


The write cycle is initiated by the falling edge of E which 
latches the address informaiion into the on chip registers. 
The write portion of the cycle is defined as E, W, S1 and S2 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH#) is met. The write portion of the cycle is terminated 
by the first rising edge of either E, W, S1 or S2. Data setup 
and hold times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. 


FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 
Write Mode has Begun 


i 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high. 


By positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH) plus an output enable time (TSLQX), a 
combination read write cycle is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELER). 


The data input and data output pins may be tied together for 
use with a common |/O data bus structure. When using the 
RAM in this method, allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will ensure that the output buffers are not 
active. 
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Test Load Circuit 


DUT 


(NOTE 1) C, 


o>) 


NOTE: 
1. Test head capacitance includes stray and jig capacitance. 
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Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low Power Standby 

Low Power Operation 

Fast Access Time 

Data Retention 

TTL Compatible Input/Output 

High Output Drive - 2 TTL Loads 

High Noise Immunity 

On-Chip Address Register 

Two-Chip Selects for Easy Array Expansion 


Three-State Output 


Pinout 


HM-65 18/883 


1024 x 1 CMOS RAM 


Description 


The HM-6518/883 is a 1024 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 


The HM-6518/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 


Ordering Information 


PART 
TEMP. RANGE NUMBER 


CERDIP -55°C to +125°C | HM1-6518/883 | F18.3 


HM-6518/883 
(CERDIP) 
TOP VIEW 


| PINS | DESCRIPTION 
Address Input 


es 
(2 eae 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HM-65 18/883 


Functional Diagram 


A6 c¢ LATCHED 
A7 ¢ ADDRESS 


ROW 32 x 32 

‘ae REGISTER elles 
AS 

_ ze 


GATED COLUMN | D Q 
D ¢ ay DECODER LATCH be 
AND DATA VO a ; | 
E LATCHED ADDRESS 
REGISTER 


AO Ail A2 A3 A4 


Sipe mi =| 
URVAY, 


NOTES: 
1. All lines positive logic - active high. 
2. Three-state buffers: A high — output active. 
3. Data latches: L high > Q = D; Q Latches on rising edge of L. 
4. Address latches and gated decoders: Latch on falling edge of E and gate on falling edge of E. 
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Absolute Maximum Ratings Thermal Information 

BOO Vane 6s cadendedtensenesadenes eontoensaeoees +7.0V Thermal Resistance (Typical, Note 1) ByA 85C 

Input, Output or I/O Voltage ........... GND -0.3V to VCC +0.3V CERDIP Package ................ 75°C/IW 15°C/W 

ES) CIASSHICAION «ver in we ckaw ves esewuneeebaewsnees Class 1 Maximum Storage Temperature Range iu ee ba -65°C to +150°C 
Maximum Junction Temperature.................0000, +175°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............ +300°C 

Operating Voltage Range.................04-. +4.5V to +5.5V : — 

Operating Temperature Range................ -55°C to+125°C Die Characteristics 

Input LOW VONAGSs ccs sendcdaeesaweesaseneustaa OVto+0.8V Gate Count........ cece cece cccceccccccecucece 1936 Gates 

Ip PON VONEGS vcccetersunts ance onee ves VCC -2.0V to VCC 

Input Rise and Fall THING. .ssccccssncvveasdvaweseasws 40ns Max 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


TABLE 1. HM-6518/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 


LIMITS 
(NOTE 1) GROUP A 
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS | TEMPERATURE MIN | MAX: UNITS 

Output Low Voltage VOL VCC = 4.5V, 1,2,3 -55°C < Ta $ +125°C V 
IOL = 3.2mA 

Output High Voltage VOH VCC = 4.5V, 12,3 55°C s< Tas +125°C | 2.4 V 
IOH = -0.4mA 

Input Leakage Current VCC = 5.5V, -55°C < Ta $ +125°C +1.0 pA 
VI = GND or VCC 

Output Leakage Current VCC = 5.5V, -55°C $< Tas +125°C | -1.0 | +1.0 pA 
VO = GND or VCC 


Data Retention Supply Current ICCDR VCC = 2.0V, 
E=VCC, 
lO = OmA, 
VI = VCC or GND 


Iccop | VCC=5.5V, 1,2,3 55°C < Ty < +125°C 
(Note 2), 
E = 1MHz, 
IO = OmA, 
Vi = VCC or GND 

IccsB_ | VCC=5.5V, | 55°C < Ta < +125°C 
NOTES: 


10 = OmA, 

VI = VCC or GND 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 


-55°C < Ta < +125°C 


HM-6518B/883 


HM-6518/883 


Operating Supply Current 


Standby Supply Current 
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HM-65 18/883 


TABLE 2. HM-6518/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 
Device Guaranteed and 100% Tested 


GROUP A 
(NOTES 1, 2) SUB- 
PARAMETER SYMBOL CONDITIONS | GROUPS TEMPERATURE 


Chip Enable ) TELQV | VCC =4.5 and -55°C < Ta $ +125°C 
Access Time 5.5V 
)T = 4. 


LIMITS 


HM-6518B/883 | HM-6518/883 


Cc 


NITS 


Chip Select 
Output Enable 
Time 


-55°C < Ty $ +125°C 


(3) TSLQX | VCC =4.5 and 
(4) TWLQZ | VCC = 4.5 and 


Chip Select (5) TSHQZ | VCC = 4.5 and 
Output Disable 
Time 


Write Enable 
Output Disable 
Time 


-55°C < Ta < +125°C 


_ 
(©?) 
oO 


_ —_ 
S| 8 


(1 
Address Access (2) TAVQV | VCC =4.5 and 9,10,11 | -55°C < Ta, < +125°C 
Time 5.5V, Note 3 

5 


-55°C < Ta $ +125°C 


= 
nN 
(2) 


(6) TELEH | VCC =4.5 and 9,10,11 | -55°C < Ty < +125°C 
5.5V 
(7) TEHEL | VCC =4.5 and 9,10,11 | -55°C < Ty < +125°C 
Positive Width 5.5V 
Address Setup (8) TAVEL | VCC =4.5 and 9,10,11 | -55°C < Ty < +125°C 
Time 5.5V 
Address Hold Time | (9) TELAX | VCC =4.5 and -55°C < Ta $ +125°C 40 
5.5V 
Data Setup Time (10) TDVWH | VCC = 4.5 and 9,10,11 | -55°C < Ty < +125°C 
5.5V 
Data Hold Time (11) TWHDX | VCC = 4.5 and 9,10,11 | -55°C < Ty < +125°C 
5.5V 
Chip Select Write | (12) TWLSH | VCC = 4.5 and 9,10,11 | -55°C < Ty < +125°C 
Pulse Setup Time 5.5V 
Chip Enable Write | (13) TWLEH | VCC = 4.5 and -55°C < Ta < +125°C 
Pulse Setup Time 5.5V 
Chip Select Write | (14) TSLWH | VCC = 4.5 and -55°C < Ta $ +125°C 
Pulse Hold Time 5.5V 
Chip Enable Write | (15) TELWH | VCC = 4.5 and 9,10,11 | -55°C < Ta, < +125°C 
Pulse Hold Time 5.5V 
Write Enable Pulse | (16) TWLWH | VCC = 4.5 and 9,10,11 | -55°C < Ty < +125°C 
Width 5.5V 
Read or Write (17) TELEL | VCC = 4.5 and 9,10,11 | -55°C < Ty < +125°C 
Cycle Time 5.5V 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC -2.0V; input rise and fall times: 5ns (max); input and output timing reference level: 1.5V; output load: 
-1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


—s vs —_ =" — —s 
SS} SS] 8] & 3 8 
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TABLE 3. HM-6518/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE | TEMPERATURE | MIN | MAX | UNITS 
Input Capacitance Cl VCC = Open, f = 1MHz, All Measure- 1 Ta = +25°C pF 
ments Referenced to Device Ground 
Output Capacitance CO VCC = Open, f = 1MHz, All Measure- 1 Ta = +25°C 10 pF 
ments Referenced to Device Ground 


NOTE: 1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after 
major process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


5c 
a 
eae 
ewmeee 


1 
Group A Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
Timing Waveforms 


9) 


ZILLI MMMM 
: <«——TEHEL (7) ; 
W HIGH z 
0 Md, — 


Si, (3) 
ed GE 


TIME 
REFERENCE 


-1 0 1 2 3 4 


on 


FIGURE 1. READ CYCLE 
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HM-65 18/883 


TRUTH TABLE 


INPUTS 
TIME 


OUTPUTS 


FUNCTION 


Cycle Begins, Addresses are Latched 


X X Device Disabled, Prepare nan Next Cycle 
(Same as -1) 
Cycle Ends, Next Cycle Begins 
(Same as 0) 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either $1 or S2 are high. 


In the HM-6518/883 read cycle the address information is 
latched into the on chip registers on the falling edge of E 
(T = 0). Minimum address setup and hold time require- 
ments must be met. After the required hold time the 
addresses may change state without affecting device oper- 
ation. In order for the output to be read S1, S2 and E must 


be low, W must be high. When E goes high the output data 
is latched into an on chip register. Taking either or both S1 
or S2 high, forces the output buffer to a high impedance 
State. The output data may be re-enabled at any time by 
taking S1 and S2 low. On the falling edge of E the data will 
be unlatched. 


Timing Wavforms (continued) 
(9) 


(8) TAVEL —> — (8) TAVEL —> 
« [ZEEE Wa MK 
TEHEL (7) ——» 
E 
eee Aaa (13) 
© WELLL... LLMMMILLLALEL LA 
TWHDX (11) 
D LLL CTD, 
: — TSLWH (14) 
SS ZL... | LLMMMLLLLLLAL A 


FIGURE 2. WRITE CYCLE 


6-90 


HM-65 18/883 


TRUTH TABLE 


INPUTS 
TIME 


OUTPUTS 


FUNCTION 


i 
Z 


mm hs 


cs 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high. 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as E, W, S1 and S2 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLEH#) is met. The write portion of the cycle is terminated 


by the first rising edge of either E, W, S1 or S2. Data setup 
and hold times must be referenced to the terminating signal. 


lf a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. 


Test Load Circuit 


DUT 


(NOTE 1) CL 


NOTE: 
1. Test head capacitance includes stray and jig capacitance. 


By positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. If the E low time (TELEH) is greater than the W 
pulse (TWLWH), plus an output enable time (TSLQX), a 
combination read write cycle is executed. Data may be 
modified an indefinite number of times during any write cycle 
(TELEH). 


The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will ensure that the output buffers are not 
active. 
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HM-65 18/883 


Burn-In Circuit 


HM-6518/883 CERDIP 


vcc 


C1 
Fo il o — 
FO 2 $2 FO 
F3 | 3 | Ao 16 | F2 
F4 | 4] At H5 | FA 
F5 5 | A2 14 | F12 
F6 16 | A3 13 F11 
F7 i F10 
F2 18] Q 41 | FO 
19} GND 10 | F8 


NOTES: 

All resistors 47kQ +5%. 

FO = 100kHz +10%. 

Fl =FO0+2, F2= F142, Fo= Fe+2....PiZ=F1l 2. 
VCC = 5.5V +0.5V. 

VIH = 4.5V +10%. 

VIL = -0.2V to +0.4V. 

C1 =0.01yF Min. 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
130 x 150 x 19 +1mils Type: SiOo i iedh 
METALLIZATION: TNERNGSS ants Sa 
Type: Si - Al WORST CASE CURRENT DENSITY: 
Thickness: 11kA +2kA 1.342 x 10° A/em2 


Metallization Mask Layout 
HM-6518/883 
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NOTE: Pin numbers correspond to DIP package only. 
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CMOS MEMORY 


@ HART HM-6551 


March 1997 256 x 4 CMOS RAM 


Features 


Low Power Standby 

Low Power Operation 

Fast Access Time 

Data Retention 

TTL Compatible Input/Output 
High Output Drive - 1 TTL Load 
Internal Latched Chip Select 
High Noise Immunity 
On-Chip Address Register 
Latched Outputs 

Three-State Output 


Ordering Information 


20mW/MHz Max 
220ns Max 
at 2.0V Min 


Description 


The HM-6551 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high 
performance and low power operation. 


On chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. 


The HM-6551 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention 
supply voltage and supply current are guaranteed over- 
temperature. 


[PACKAGE [TEMPERATURE RANGE] _220ns | _s00ne | PKG.NO._ 


Plastic DIP -40°C to +85°C HM3-6551B-9 HM3-6551-9 E224 | 
CERDIP -40°C to +85°C HM1-6551B-9 HM1-6551-9 F22.4 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


HM-6551 
(PDIP, CERDIP) 
TOP VIEW 


[PN [DESCRIPTION | 
ee 
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File Number 2989.1 


HM-6551 


Functional Diagram 


© Q0 

GATED COLUMN 0 Q1 
DECODER 

AND DATA VO D Q2 

o Q3 


LATCHED ADDRESS 
REGISTER 


NOTES: 
1. Select Latch: L Low > Q =D and Q latches on rising edge of L. 
2. Address Latches And Gated Decoders: Latch on falling edge of E and gate on falling edge of E. 
3. All lines positive logic-active high. 
4. Three-State Buffers: A high — output active. 
5. Data Latches: L High — Q = D and Q latches on falling edge of L. 
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Absolute Maximum Ratings Thermal Information 
SUDO VOUROS «0 c+cucveneudiisvewews pa0eeeun vex yous +7.0V Thermal Resistance (Typical, Note 1) ByA 8JC 
Input, Output or I/O Voltage ........... GND -0.3V to Voc +0.3V CERDIP Package ................ 60°C/W 15°C/W 
a? CLGESINCHEON cosy cceraewceancaecacenawan snares Class 1 Plastic DIP Package .............. 75°C/W N/A 
Maximum Storage Temperature Range ......... -65°C to +150°C 
Operating Conditions Maximum Junction Temperature 
; Ceramic Package ...........2ebeccccccssseseeces +175°C 
O ting Volt 5 ee ee ee ee 4.5V to +5.5V 
shinee lini ci PIOSIC PACKOOG cic scu esc ecce sr th eens n reas saee nae +150°C 


Operating Temperature Range ; ' Py 
HM-6551B-9, HM-6551-9...............0ee. -40°C to +85°C Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Pee COUN oscc ose va dead oe cases beaseusvanubess 1930 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 6ja is measured with the component mounted on an evaluation PC board in free air. 


DC Electrical Specifications Vcc = 5V +10%; Ta = -40°C to +85°C (HM-6551B-9, HM-6551-9) 


Voc = 5.5V 


VI = Voc or GND, W = GND 


ICCDR Data Retention Supply Current 10 pA Vec = 2.0V, lO = OmA, VI = Vcc or 
GND,E=Vcc 


ON 
Tt [rwrtoae Gone ft | io | ok _[Winvoowono.veo=eay 
Cr 
[vor [ouputowveno | it oe | 
ON 


Capacitance Ty, = +25°C 


SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 
Input Capacitance (Note 2) a ae f = 1MHz, All measurements are 
referenced to device GND 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


6-96 


HM-6551 


ectrical Specifications = 5V +10%; Ta =- to + - -9, HM-6551- 
AC Electrical Specificat Voc = 5V +10%; Ta = -40°C to +85°C (HM-6551B-9, HM-6551-9) 


LIMITS 
HM-6551B-9 
SYMBOL PARAMETER 


TEST 
CONDITIONS 


(Notes 1, 3) 


220 (Notes 1, 3, 4) 


130 (Notes 2, 3) 


130 (Notes 2, 3) 


13 


io) 


—_ 
on 
oO 


(Notes 2, 3) 


(6) TELEH Chip Enable Pulse Negative Width 300 (Notes 1, 3) 
(7) TEHEL Chip Enable Pulse Positive Width 100 (Notes 1, 3) 


(Notes 1, 3) 


(8) TAVEL Address Setup Time 


(19) TELEL (Notes 1, 3) 


= 

— 

= 
i oe 
oa = 
“[-[=[— 
=[ f=, 
ee 
= 
ee 
ee 
=[— 
=[— 
[9 a oo 


Read or Write Cycle Time 
NOTES: 


1. Input pulse levels: 0.8V to Vcc - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, C, = S5OpF (min) - for C_ greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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HM-6551 


Timing Waveforms 


(10) 


VMAS 
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s WEEE ith mm 
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(8) TAVEL —> 


C | NEXT 


7 


(19) TELEL 


TELEH (6) ————___> 


VLLLLLLLLLLLLLLLLLLLO 
HLL 


SRB a Ra RA tO STE Oe ES TE SIE OE AISI OL SE IIES AGEs 8 EF ANI, COT LATTES ADICTS OGLE FANE tI PR BERETS EA TELS oD TE BE 
REFERENCE 


FIGURE 1. READ CYCLE 
TRUTH TABLE 


INPUTS 
TIME 


The HM-6551 Read Cycle is initiated by the falling edge of E. 
This signal latches the input address word and S2 into on 
chip registers, providing the minimum setup and hold times 
are met. After the required hold time, these inputs may 
change state without affecting device operation. S2 acts as a 
high order address and simplifies decoding. For the output to 
be read, E, S1 must be low and W must be high. S2 must 
have been latched low on the falling edge of E. The output 


OUTPUTS 
FUNCTION 


| Z| Memory Disabled 


a | and S2 are Latched, 
Cycle Begins 

Output Enabled but Undefined 
Data Output Valid 


Outputs Latched, Valid Data, 
$2 Unlatches 

Prepare for Next Cycle 

(Same as -1) 

Cycle Ends, Next Cycle Begins 
(Same as 0) 


data will be valid at access time (TELQV). The HM-6551 has 
output data latches that are controlled by E. On the rising 
edge of E the present data is latched and remains in that 
state until E falls. Also on the rising edge of E, S2 unlatches 
and controls the outputs along with $1. Either or both S71 or 
S2 may be used to force the output buffers into a high 
impedance state. 


HM-6551 


Timing Waveforms (continued) 
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(8) TAVEL = 


(8) TAVEL 
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TEHEL (7) ——> 


mi 
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TWHDX (13) 
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TS1LWH (16) 
TWLS1H (14) 
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TIME 
REFERENCE 


-1 0 1 


FIGURE 2. WRITE CYCLE 
TRUTH TABLE 


4 


FUNCTION 


Memory Disabled 


ee 
ee ee ee ee ee eee 
Latched 
1 


In the Write Cycle the falling edge of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to enable the device. The write portion of the 
cycle is defined as E, W, S1 being low and S2 being latched 
simultaneously. The W line may go low at any time during 
the cycle, providing that the write pulse setup times (TWLEH 
and TWLS1H) are met. The write portion of the cycle is ter- 
minated on the first rising edge of either E, W, or S1. 


If a series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and hold times 
must be referenced to the first rising edge of E or S1. By 


Write Period Begins 
Data In is Written 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


positioning the write pulse at different times within the E and 
S1 low time (TELEH), various types of write cycles may be 
performed. If the S1 low time (TS1LS1H) is greater than the 
W pulse plus an output enable time (TS1LQX), a combina- 
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 


The HM-6551 may be used on a common |/O bus structure 
by tying the input and output pins together. The multiplexing 
is accomplished internally by the W line. In the write cycle, 
when W goes low, the output buffers are forced to a high 
impedance state. One output disable time delay (TWLQZ) 
must be allowed before applying input data to the bus. 
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HM-6551 


Test Load Circuit 


DUT 


(NOTE 1) C, 


= 


NOTE: 
1. Test head capacitance includes stray and jig capacitance. 
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Features 


This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


HM-655 1/883 


256 x 4 CMOS RAM 


Description 


The HM-6551/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous cir- 
cuit design techniques are employed to achieve high perfor- 
mance and low power operation. On chip latches are 


e Low Power Standby..............ee000. 50uW Max - 

provided for address and data outputs allowing efficient 
« Low Power Operation ............. 20mW/MHz Max interfacing with microprocessor systems. The data output 
e Fast Access Time. .............ee0eeeee 220ns Max _ buffers can be forced to a high impedance state for use in 
e Data Retention ............. 0.20 e eee eee at 2.0V Min Sxpanioed Memery Beye. 


The HM-6551/883 is a fully static RAM and may be main- 
tained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 


TTL Compatible Input/Output 
High Output Drive - 1 TTL Load 
Internal Latched Chip Select 


High Noise immunity 


On-Chip Address Register 
Latched Outputs 
Three-State Output 


Ordering Information 


CERDIP -55°C to +125°C HM-6551B/883 HM1-6551/883 F22.4 


Pinout 
HM-6551/883 (CERDIP) 
TOP VIEW 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HM-655 1/883 


Functional Diagram 


Dia GATED COLUMN 
DECODER 
D2 AND DATA VO 


LATCHED ADDRESS 
REGISTER 


2a 


Sic A2 


NOTES: 


i. 
. Address Latches And Gated Decoders: Latch on falling edge of E and gate on falling edge of E. 


a f& WOW MY 


Select Latch: L Low — Q = D and Q latches on rising edge of L. 


. All lines positive logic-active high. 
. Three-State Buffers: A high — output active. 
. Data Latches: L High — Q = D and Q latches on falling edge of L. 
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HM-655 1/883 


Absolute Maximum Ratings Thermal Information 

PUES VORA0G 6 os 64 eden Go deeeeeesduawonenseeueradn +7.0V Thermal Resistance BJA BNC 

Input, Output or I/O Voltage ........... GND -0.3V to VCC +0.3V CERDIP Package ................ 60°C/W 15°C/W 

Be TIASSCOION 2 c.cd cab deeedievedesen ape iestnoné Class 1 Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Junction Temperature..............0..00000 +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
CO og. vw 8k ho 60 $0440.04 58 oH 2 £0 KRE 244 RE 1930 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................000. +4.5V to+5.5V = Input High Voltage...................00048. VCC -2.0V to VCC 
Operating Temperature Range................ -55°C to+125°C ~— Input Rise and Fall Time........2..........00 00 eee 40ns Max. 
INDGt LOW VGUAIE <cuicc cee wteb dpis anes eneanen es OV to +0.8V 


TABLE 1. HM-6551/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 


LIMITS 
(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 

Output Low Voltage VOL VCC = 4.5V 1,2,3 -55°C < Ta $ +125°C V 
IOL = 1.6mA 

Output High Voltage VOH |vcc=4.5V 55°C < Ty < +125°C V 
IOH = -0.4mA 

Input Leakage Current VCC = 5.5V, -55°C s<Tas+125°C | -1.0 +1.0 pA 
VI = GND or VCC 


Output Leakage 10Z VCC =5.5V, 
Current VO = GND or VCC 


Data Retention Supply VCC = 2.0V, E= VCC 


-55°C < Ta < +125°C yA 
Current 10 = OmA, 
Vl = VCC or GND 
Operating Supply VCC = 5.5V, (Note 2) 55°C < Ta < +125°C mA 
Current E = 1MHz, |O =OmA 
Vi = VCC or GND 
Standby Supply VCC = 5.5V, 55°C < Ta < +125°C aii 


Current 10 = OmA 
Vi = VCC or GND 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 
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HM-655 1/883 


TABLE 2. HM-6551/883 A.C. ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
HM-6551B/883 | HM-6551/883 
TEMPERATURE | MIN | 


Device Guaranteed and 100% Tested 


GROUPA 
(NOTES 1, 2) SUB- 
PARAMETER SYMBOL CONDITIONS | GROUPS 


Chip Enable (1) TELQV VCC =4.5and | 9, 10,11 | -55°C < Ty <$+125°C 
Access Time 5.5V 

Address Access (2) TAVQV VCC =4.5and | 9,10,11 | -55°C < Ta <+125°C 
Time 5.5V, Note 3 


Chip Select 1 (3) TS1LQX | VCC=4.5and | 9,10,11 | -55°C < Ty <+125°C 
Output Enable 5.5V 
(4) TWLQZ VCC =4.5and | 9, 10,11 | -55°C < Ta < +125°C 
5.5V 


5 
Time 
Write Enable 
Output Disable 
Time 
(5) TS1HQZ | VCC=4.5and | 9, 10,11 | -55°C < Ta <+125°C 
5.5V 
(6) TELEH VCC =4.5and | 9,10,11 | -55°C<Ta<+125°C J 220 
5.57 
Chip Enable Pulse | (7) TEHEL VCC =4.5and | 9,10,11 | -55°C<Tas+125°C} 100 
Positive Width 5.5V 
Address Setup (8) TAVEL VCC=4.5and | 9,10, 11 | -55°C < Ta < +125°C 
Time 5.5V 
Chip Select 2 (9) TS2LEL VCC=4.5and | 9, 10,11 | -55°C < Ta < +125°C 
Setup Time 5.5V 
Address Hold Time | (10) TELAX VCC=4.5and | 9, 10,11 | -55°C < Ta < +125°C 40 
5.5V 
: ; 
; 


UNITS 


Chip Select 1 
Output Disable 
Time 


Chip Enable Pulse 
Negative Width 


ns 


Data Setup Time | (12) TDVWH | VCC=4.5and | 9,10, 11 | -55°C < Ta <+125°C 
5.5V 

Data Hold Time (13) TWHDX | VCC=4.5and | 9, 10,11 | -55°C<Ta <+125°C 
5.5V 

Chip Select 1 Write | (14) TWLS1H | VCC=4.5and | 9, 10,11 | -55°C < Ta <+125°C 

Pulse Setup Time 5.5V 

Chip Enable Write | (15) TWLEH VCC =4.5and | 9,10, 11 | -55°C < Ta < +125°C 

Pulse Setup Time 5.5V 

Chip Select 1 Write | (16) TS1LWH | VCC=4.5and | 9, 10,11 | -55°C < Ta <+125°C 

Pulse Hold Time 5.5V 

Chip Enable Write | (17) TELWH VCC =4.5and | 9, 10,11 | -55°C < Ta < +125°C 

Pulse Hold Time 5.5V 

Write Enable Pulse | (18) TWLWH |VCC=4.5and | 9,10, 11 | -55°C < Ta <+125°C 

Width 5.5V 

Read or Write (19) TELEL VCC =4.5and | 9, 10,11 | -55°C < Ty < +125°C 

Cycle Time 5.5V 


NOTES: 
1. All voltages referenced to device GND. 


Chip Select 2 Hold | (11) TELS2X VCC=4.5and | 9,10, 11 | -55°C < Ty < +125°C 
Time 5.5V 


nl il 
li 
ae 
Tak 
Lin 
Bid 
ani 
nh 
fan 
[et 
Bhi 
aint 
Bhi 
fe 
fey 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
IOL = 1.6mA, IOH = -0.4mA, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 
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TABLE 3. HM-6551B/883 AND HM-6551/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
PARAMETER | SYMBOL CONDITIONS NOTE | TEMPERATURE | MIN, | MAX | UNITS 
Input Capacitance Cl VCC = Open, f = 1MHz, All 1 Ta = +25°C 10 pF 
Measurements Referenced to 
Device Ground 
a ~ aie 
NOTE: 


Measurements Referenced to 
Device Ground 

1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 

process and/or design changes. 


Output Capacitance 


TABLE 4. APPLICABLE SUBGROUPS 


a 


Final Test 100%/5004 2, 3, 8A, 8B, 10, 11 
Group A Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
Groups C & D Samples/5005 1,7,9 
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HM-655 1/883 


Timing Waveforms 
(10) 


(8) TAVEL —> TELAX 


(8) TAVEL —> 


VIM we LLL 


(7) TEHEL i 
E 
(9) TS2LEL 
$2 
D 


(19) TELEL 
TELEH (6) ——————___ iy 


Ce Oa DSR, TRIS 6 NATE SS DE EAB OY ES REE SE BE A AEE EE DOS DHS EO EP ELS © TREE SIRES FA TM PIE ER 
REFERENCE 


FIGURE 1. READ CYCLE 


TRUTH TABLE 


The HM-6551/883 Read Cycle is initiated by the falling edge 
of E. This signal latches the input address word and S2 into 
on-chip registers providing the minimum setup and hold 
times are met. After the required hold time, these inputs may 
change state without affecting device operation. S2 acts as a 
high order address and simplifies decoding. For the output to 
be read, E, S1 must be low and W must be high. S2 must 
have been latched low on the falling edge of E. The output 


INPUTS OUTPUTS 
TIME 


- X L bj V Xx Addresses and S2 are Latched, 

Cycle Begins 

2 
x {x | iv I 
xX X V Outputs Latched, Valid Data, 

S2 Unlatches 
Lee 
Pe] ee 


FUNCTION 


Output Enabled but Undefined 
Data Output Valid 


Prepare for Next Cycle 
(Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


data will be valid at access time (TELQV). The HM-6551/883 
has output data latches that are controlled by E. On the ris- 
ing edge of E the present data is latched and remains in that 
state until E falls. Also on the rising edge of E, S2 unlatches 
and controls the outputs along with $1. Either or both S17 or 
S2 may be used to force the output buffers into a high 
impedance state. 
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Timing Waveforms (continued) 
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TELWH (17) 


PATA VALID NLL LLL 


TWLEH (15) i 
TWHDX (13) 
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TDVWH (12 


TWLWH (18) 


TS1LWH (16) 


TWLS1H (14) 
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TIME 
REFERENCE 


-1 0 1 


FIGURE 2. WRITE CYCLE 


TRUTH TABLE 


In the Write Cycle the falling edge of E latches the addresses 
and S2 into on-chip registers. S2 must be latched in the low 
state to enable the device. The write portion of the cycle is 
defined as E, W, S1 being low and S2 being latched simulta- 
neously. The W line may go low at any time during the cycle 
providing that the write pulse setup times (TWLEH and 
TWLS1H) are met. The write portion of the cycle is terminated 


on the first rising edge of either E, W, or S1. 


If a series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and hold times must 
be referenced to the first rising edge of E or S1. By positioning 


TIME 
otto [ae epee 
a ee ee 


Cycle Begins, Addresses and S2 are 
Latched 


FUNCTION 


Write Period Begins 
Data In is Written 


Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins 
(Same as 0) 


the write pulse at different times within the E and S1 low time 
(TELEH), various types of write cycles may be performed. If 
the S1 low time (TS1LS1H) is greater than the W pulse, plus 
an output enable time (TS1LQX), a combination read-write 
cycle is executed. Data may be modified an indefinite number 
of times during any write cycle (TELEH). 


The HM-6551/883 may be used on a common I/O bus struc- 
ture by tying the input and output pins together. The multiplex- 
ing is accomplished internally by the W line. In the write cycle, 
when W goes low, the output buffers are forced to a high 
impedance state. One output disable time delay (TWLQZ) 
must be allowed before applying input data to the bus. 
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HM-655 1/883 


Test Load Circuit 


DUT 


(NOTE 1) CL 


NOTE: 
1. Test head capacitance includes stray and jig capacitance. 


Burn-In Circuit 


F7 |1 | A3 
EG 12 | a2 
F5 | 3] At 
F4 | 4 | AO 
F9 15 | A5 
F10 |6 | AG 
F11 7 
= hal 
F3 | 9 | DO 
F3 10] Qo 
F3 11] D4 


NOTES: 

All resistors 47kQ +5%. 

FO = 100kHz +10%. 

Fi =FO+2, F2=F1+2,F3=F2<+2...FPI2=F11 +2. 
VCC = 5.5V +0.5V. 

VIH = 4.5V +10%. 

VIL = -0.2V to +0.4V. 

C1 =0.01pF Min. 


HM-655 1/883 
CERDIP 
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Die Characteristics 

DIE DIMENSIONS: WORST 
132 x 160 x 19 +1mils 1.337 

LEAD TEMPERATURE (10s soldering): 
<300°C 


CASE CURRENT DENSITY: 
x 10° A/cm? 


GLASSIVATION: 
Type: SiOo 
Thickness: 8kA +] kA 


Metallization Mask Layout 
HM-6551/883 


Si E $2 


D3 
a it “Hye 7 
" eit 15 Fae 
' ‘ —_ SS SITS 
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NOTE: Pin numbers correspond to DIP Package only. 
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Features 
Low Power Standby 
Low Power Operation 
Fast Access Time 
Data Retention 
TTL Compatible Input/Output 
High Output Drive - 1 TTL Load 
On-Chip Address Registers 
Common Data In/Out 
Three-State Output 


Easy Microprocessor Interfacing 


Ordering Information 


HM-6561 


256 x 4 CMOS RAM 


Description 


The HM-6561 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous cir- 
cuit design techniques are employed to achieve high perfor- 
mance and low power operation. 


On-chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. The data inputs 
and outputs are multiplexed internally for common I/O bus 
compatibility. 


The HM-6561 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. Data retention sup- 
ply voltage and supply current are guaranteed over tempera- 
ture. 


| PACKAGE | TEMPERATURE RANGE| — 220ns_— | _—300ns_—|_-PKG.NO. 
CERDIP -40°C to +85°C HM1-6561B-9 | HM1-6561-9 F18.3 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1997 


HM-6561 
(CERDIP) 
TOP VIEW 


| PIN | DESCRIPTION 
Address Input 
Chip Enable 


W Write Enable 


Chip Select 
| DQ | Data In/Out 


File Number 2991.1 
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Functional Diagram 


LATCHED GATED 
ADDRESS ROW 
REGISTER DECODER 


> 
a 
00000 


GATED COLUMN 
DECODER 
AND DATA 1/0 


he 
Be 
- 


x SI 


NOTES: 
1. All lines positive logic-active high. 
2. Three-state Buffers: A high — output active. 
3. Data Latches: L high — Q = D and Q latches on falling edge of L. 
4. Address Latches and Gated Decoders: Latch on falling edge of E and gate on falling edge of E. 
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Absolute Maximum Ratings Thermal Information 

BUG VRS sie cews ddaew bene akecechaeaenns bows cet +7.0V Thermal Resistance ByA 8JC 

Input or Output Voltage............... GND -0.3V to Voc +0.3V CERDIP Package ..............-- 74°C/W 18°C/W 

Bo) CASS SUO oxo cscs cata ceiweagaeins ewe wnnae Class 1 Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Junction Temperature................0.0005 +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
GAs COM oicdnsbundannenddiadetandesisedas xx 1944 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................06. +4.5V to+5.5V Operating Temperature Range 
HM-6561B-9, HM6561-9................005. -40°C to +85°C 


DC Electrical Specifications Voc = 5V + 10%; Ta = -40°C to +85°C (HM-6561B-9, HM-6561-9) 


LIMITS 
SYMBOL PARAMETER 


| MIN. | MAX | UNITS TEST CONDITIONS 


ICCSB Standby Supply Current 10 pA lO = OmA, VI = Voc or GND, 
Voc = 5.5V 
ICCOP Operating Supply Current (Note 1) E = 1MHz, IO = OmA, Vcc = 5.5V, 
Vl = Voc or GND, W = GND 
ICCDR Data Retention Supply Current Vcc = 2.0V, IO = OmA, VI 
GND, E = Vcc 


a 
SC 
Yow fs | oe |v iomey 
ver owwaowvomme | | oe |v fontena voce 
[v0 fouwarimnvowe te | |v ]onsanavocnsay 


Capacitance Ty, = +25°C 


SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 
Input Capacitance (Note 2) a aa f = 1MHz, All measurements are 
referenced to device GND 


NOTES: 
1. Typical derating 1.5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


= Vcc or 
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AC Electrical Specifications Voc = 5V +10%; Ta = -40°C to +85°C (HM-6561B-9, HM-6561-9) 


LIMITS 
HM-6561B-9 
TEST 
SYMBOL PARAMETER CONDITIONS 


: 
: 


Read or Write Cycle Time 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, C, = 50pF (min) - for C, greater than 50pF, access time is derated by 0.15ns per pF. 


é 
(6) TEHEL Chip Enable Pulse Positive Width (Notes 1, 3) 
) 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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Timing Waveforms 
(8) 


(7) TAVEL 
WLLL LLL P VALID 

(6) TEHEL a 
i 
w HIGH 


TIME 
REFERENCE 


KLLLLLLLLLLLLLLLLLLLLLLLL LLL 


(7) TAVEL 


Ta 


<= (6) TEHEL 


1 2 3 4 5 


FIGURE 1. READ CYCLE 


TRUTH TABLE 


INPUTS OUTPUT 


The HM-6561 Read Cycle is initiated on the falling edge of 
E. This signal latches the input address word into on-chip 
registers. Minimum address setup and hold times must be 
met. After the required hold time, the address lines may 
change state without affecting device operation. In order to 
read the output data E, S1 and S2 must be low and W 
must be high. The output data will be valid at access time 
(TELQV). 


FUNCTION 


Cycle Begins, Addresses are Latched 


Output Enabled 


Output Valid 
Output Latched 


Device Disabled, Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


1. Device selected only if both $1 and S2 are low, and deselected if either S1 or S2 are high. 


The HM-6561 has output data latches that are controlled 
by E. On the rising edge of E the present data is latched 
and remains latched until E falls. Either or both S1 or S2 
may be used to force the output buffers into a high imped- 
ance state. 
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Timing Waveforms (continued) 
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(11) TWLDV|<—— (9) TDVWH (10) TWHDX 

00 AALLLLLLLLLLLLLIALLLLERR— PO | OK LLLLLALL le 


(14) TSLWH 


12) TWLSH 
Si, $2 
TIME 
REFERENCE 


-1 0 1 


FIGURE 2. WRITE CYCLE 


TRUTH TABLE 


FUNCTION 


Write is Completed 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


1. Device selected only if both S7 and S2 are low, and deselected if either S1 or S2 are high. 


The write cycle begins with the E falling edge latching the 
address. The write portion of the cycle is defined by E, S1, 
$2 and W all being low simultaneously. The write portion of 
the cycle is terminated by the first rising edge of any control 
line, E, S1, S2 or W. The data setup and data hold times 
(TDVWH and TWHDX) must be referenced to the terminat- 
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDX. 


Data input/output multiplexing is controlled by W. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 


Case 1: Both S1 and S2 Fall Before W Falls. 


If both selects fall before W falls, the RAM outputs will 
become enabled. W is used to disable the outputs, so a dis- 
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 


Case 2: W Falls Before Both S1 and S2 Fall. 


If one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since W is not used to 
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disable the outputs it can be shorter than in Case 1; TWLWH 
is the minimum write pulse. At the end of the write period, if 
W rises before either select, the outputs will enable, reading 
data just written. They will not disable until either select goes 
high (TSHQ2Z). 


ee Cd 


Both S1 and S2 = Low 
Before W = Low 


CASE 2 W = Low Before Both TWLWH TWLQZ 
S1 and S2 = Low TDVWH TWLDV 


If a series of consecutive write cycles are to be performed, 
W may remain low until all desired locations are written. This 
is an extension of Case 2. 


Read-Modify-Write cycles and Read-Write-Read cycles can 
be performed (extension of Case 1). In fact data may be 
modified as many times as desired with E remaining low. 
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Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low Power Standby 

Low Power Operation 

Fast Access Time 

Data Retention 

TTL Compatible Input/Output 
High Output Drive - 1 TTL Load 
On-Chip Address Registers 
Common Data In/Out 
Three-State Output 


Easy Microprocessor Interfacing 


Ordering Information 


HM-656 1/883 


256 x 4 CMOS RAM 


Description 


The HM-6561/883 is a 256 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. Synchronous 
circuit design techniques are employed to achieve high per- 
formance and low power operation. 


On-chip latches are provided for address and data outputs 
allowing efficient interfacing with microprocessor systems. 
The data output buffers can be forced to a high impedance 
state for use in expanded memory arrays. The data inputs 
and outputs are multiplexed internally for common |/O bus 
compatibility. 


The HM-6561/883 is a fully static RAM and may be 
maintained in any state for an indefinite period of time. Data 
retention supply voltage and supply current are guaranteed 
over temperature. 


CERDIP -55°C to +125°C HM1-6561B/883 HM1-6561/883 F18.3 


HM-6561/883 (CERDIP) 
TOP VIEW 


ae DESCRIPTION 
Address !nput 
sz Chip Enable 


Write Enable 
Chip Select 


| DQ | Data In/Out 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HM-656 1/883 


Functional Diagram 
A0 oc 
Alo LATCHED GATED 
A5C ADDRESS ROW 
Abc REGISTER DECODER 
A7C 
DQ0 a 
GATED COLUMN 
DECODER 
ar © AND DATA 1/0 
DQ2 ¢ 
DQ3 © 
LATCHED ADDRESS 
REGISTER 
Woods 
Eo-a 4 : } 
A2 A3 
Si o-<c 
sod) 


NOTES: 
1. All lines positive logic-active high. 
2. Three-state Buffers: A high — output active. 
3. Data Latches: L high — Q =D and Q latches on falling edge of L. 
4. Address Latches and Gated Decoders: Latch on falling edge of E and gate on falling edge of E. 
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Absolute Maximum Ratings 


SURO VORROE £68 ccc beees charles ehedrewetesornaeas +7.0V 
Input or Output Voltage............... GND -0.3V to VCC +0.3V 
Eso GCSICHUON 6ck cee cd oaste ON ase ReEET ea eaRes Class 1 


Thermal Information 


Thermal Resistance BjA 85C 
CERDIP Package ............06: 74°C/W 18°C/W 
Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Junction Temperature............. 000.00 eee +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Gate Count .<cicicsceesascisasanai pin been wnaven 1944 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.................008- +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
i LOW VOTANG «i oko vetc isnt e eee eiawe ees wwe OV to +0.8V 


INDUC HIGH VOUAGG. oss ccc xvas Sane none bee VCC - 2.0V to VCC 
input FiS6 ANG Fal THNG icc cscs anceccsasiasesaers 40ns Max 


TABLE 1. HM-6561/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
(NOTE 1) 


PARAMETER SYMBOL CONDITIONS 


Output Low Voltage VOL VCC = 4.5V, 
IOL = 1.6mA 
Output High Voltage VOH VCC = 4.5V, 
IOH = -0.4mA 
Input Leakage Current nae 5.5V, 
= GND or VCC 


Input/Output Leakage Current VCC = 5.5V, 
VIO = GND or 
VCC 


VCC = 2.0V, 
E=VCC, 
10 = OmA, 


Data Retention Supply Current 


VCC = 5.5V, 
(Note 2), 

E = 1MHz, 

W = GND, 

VI = VCC or GND 


Operating Supply Current 


VCC = 5.5V, 
10 = OmA, 
VI = VCC or GND 


Standby Supply Current 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 


LIMITS 
GROUP A 
SUBGROUPS | TEMPERATURE ad ad UNITS 


-55°C < Ta < +125°C 


55°C < Ty < +125°C 


-55°C < Ta < +125°C 


55°C < Ta < +125°C 


55°C < Ta < +125°C 
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TABLE 2. HM-6561/883 A.C. ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
LIMITS 


GROUP A 
HM-6561B/883 | HM-6561/883 
(NoTeS 1,2) | suB. eee 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


Chip Enable (1) TELQV | VCC =4.5and 9,10,11 | -55°C < Ty <+125°C 
Access Time 5.5V 
Address Access (2) TAVQV | VCC =4.5 and 9,10,11 | -55°C < Ty < +125°C 
Time 5.5V, (Note 3) 


Chip Select (3) TSLQX | VCC =4.5 and 9, 10, 11 
Output Enable 
Time 
Chip Select (4) TSHQZ | VCC =4.5 and 
Output Disable 
Time 
Chip Enable Pulse (5) TELEH | VCC =4.5 and 9,10,11 | -55°C < Ty < +125°C 
Negative Width 5.5V 
Chip Enable Pulse (6) TEHEL | VCC =4.5 and 9,10,11 | -55°C <Ty<+125°C J 100 
Positive Width 5.5V 
Address Setup (7) TAVEL | VCC =4.5 and 9, 10, 11 -55°C < Ta < +125°C 
Time 5.5V 
Address Hold Time | (8) TELAX |VCC=4.5and | 9,10,11 | -55°C<Ta<+125°C Bai 
5.5V 


UNITS 


9, 10, 11 


Data Setup Time (9) TDVWH | VCC = 4.5 and 9,10,11 | -55°C <Ta<+125°C J 100 
5.5V 
Data Hold Time (10) TWHDX | VCC = 4.5 and 9,10,11 }| -55°C < Ty < +125°C 
5.5V 
Write Data Delay (11) TWLDV | VCC = 4.5 and 9,10,11 | -55°C <Ta<+125°C J 20 
Time 5.5V 
Chip Select Write (12) TWLSH | VCC =4.5 and 9,10,11 | -55°C <Ta<+125°C J 120 
Pulse Setup Time 5.5V 


w ree w 


Chip Enable Write | (13) TWLEH | VCC = 4.5 and 9,10,11 | -55°C <Ta<+125°C J 120 180 
Pulse Setup Time S.5V 
Chip Select Write (14) TSLWH | VCC = 4.5 and 9,10,11 | -55°C <Ty<+125°C J 120 180 
Pulse Hold Time 5.5V 

=A, 180 


Chip Enable Write (15) TELWH | VCC =4.5 and 9, 10, 11 -55°C < Ta $ +125°C 
Pulse Hold Time 5.5V 

Write Enable Pulse | (16) TWLWH | VCC = 4.5 and 9,10, 11 -55°C < Ta S$ +125°C 
Width 5.5V 

Read or Write (17) TELEL | VCC =4.5 and 9,10,11 | -55°C < Ty < +125°C 

Cycle Time 5.5V 


1. All voltages referenced to device GND. 

2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
IOL = 1.6mA, IOH = -0.4mA, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 

3. TAVQV = TELQV + TAVEL. 


EEREEEEEEREEEE REE 


8 : 
© 
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TABLE 3. HM-6561/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
SYMBOL PARAMETER CONDITIONS NOTE TEMPERATURE p MIN, | MAX UNITS 
Cl Input Capacitance VCC = Open, f = 1MHz, Ta = +25°C pF 

All Measurements 

Referenced to Device 

Ground 

Output Capacitance | VCC = Open, f = 1MHz, Ta = +25°C yr 

NOTE: 


All Measurements 
Referenced to Device 

1. The parameters listed in Table 3 are controlled via design or process parameters are characterized upon initial design and after major 

process and/or design changes. 


Ground 


TABLE 4. APPLICABLE SUBGROUPS 


a 
meinen wens | 
a a a 
er 


Test Load Circuit 
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NOTE: 
1. Test head capacitance includes stray and jig capacitance. 
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Timing Waveforms 
(8) 


(7) TAVEL —— 
A ewan % 
(6) TEHEL 
; 
S HIGH 
(1) TELQV 
(2) TAVQV 


TIME 
REFERENCE 


was X LLL Gi 


(7) TAVEL 


f 


1 2 3 4 5 


FIGURE 1. READ CYCLE 


TRUTH TABLE 


INPUTS 
TIME 


REFERENCE 


The HM-6561/883 Read Cycle is initiated on the falling edge 
of E. This signal latches the input address word into on-chip 
registers. Minimum address setup and hold times must be 
met. After the required hold time, the address lines may 
change state without affecting device operation. In order to 
read the output data E, $1 and S2 must be low and W must 
be high. The output data will be valid at access time 
(TELQV). 


OUTPUT 


FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 


NOTE: 1. Device selected only if both $1 and S2 are low, and deselected if either S1 or S2 are high. 


The HM-6561/883 has output data latches that are con- 
trolled by E. On the rising edge of E the present data is 
latched and remains latched until E falls. Either or both ST or 
S2 may be used to force the output buffers into a high 
impedance state. 
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Timing Waveforms (Continued) 


(8) 
(7) TAVEL ee 


(7) TAVEL 


§ ALLLLLLLLLD (Im WLLL [Next 


(6) TEHEL 
(15) a ca 
WMLLLLLLLLLLLLLLL LD _— WLLLILLLLLLLLLLL Le 
(11) TWLDV|<«—— (9) TDVWH (10) TWHDX 


00 LLLLLLLLLLLLLLLLLLLLLIP 8 | ERSLLLLLLLLL LLL 


(14) TSLWH 


12) TWLSH 
$1, $2 
TIME 
REFERENCE 


-1 0 1 


FIGURE 2. WRITE CYCLE 


TRUTH TABLE 


FUNCTION 


oT 


The write cycle begins with the E falling edge latching the 
address. The write portion of the cycle is defined by E, $1, 
S2 and W all being low simultaneously. The write portion of 
the cycle is terminated by the first rising edge of any control 
line, E, S1, S2 or W. The data setup and data hold times 
(TDVWH and TWHDX) must be referenced to the terminat- 
ing signal. For example, if S2 rises first, data setup and hold 
times become TDVS2H and TS2HDX; and are numerically 
equal to TDVWH and TWHDX. 


Data input/output multiplexing is controlled by W. Care must 
be taken to avoid data bus conflicts, where the RAM outputs 
become enabled when another device is driving the data 
inputs. The following two examples illustrate the timing 
required to avoid bus conflicts. 


Cycle Begins, Addresses are Latched 
Write Period Begins 


NOTE: 1. Device selected only if both S1 and S2 are low, and deselected if either S1 or S2 are high. 


Case 1: Both S1 and S2 Fall Before W Falls. 


If both selects fall before W falls, the RAM outputs will 
become enabled. W is used to disable the outputs, so a dis- 
able time (TWLQZ = TWLDV) must pass before any other 
device can begin to drive the data inputs. This method of 
operation requires a wider write pulse, because TWLDV + 
TDVWH is greater than TWLWH. In this case TWLSL + 
TSHWH are meaningless and can be ignored. 


Case 2: W Falls Before Both S1 and S2 Fall. 


If one or both selects are high until W falls, the outputs are 
guaranteed not to enable at the beginning of the cycle. This 
eliminates the concern for data bus conflicts and simplifies 
data input timing. Data input may be applied as early as 
convenient, and TWLDV is ignored. Since W is not used to 
disable the outputs it can be shorter than in Case 1; TWLWH 
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is the minimum write pulse. At the end of the write period, if 
W rises before either select the outputs will enable reading 
data just written. They will not disable until either select goes 
high (TSHQZ). 


CASE 1 Both S1 and S2 = Low TWLQZ TWLWH 
Before W = Low TWLDV 
TDVWH 


CASE 2 W = Low Before Both TWLWH TWLQZ 
$1 and S2 = Low TDVWH TWLDV 


Burn-In Circuit 


lf a series of consecutive write cycles are to be performed, 
W may remain low until all desired locations are written. This 
is an extension of Case 2. 


Read-Modify-Write cycles and Read-Write-Read cycles can 
be performed (extension of Case 1). In fact data may be 
modified as many times as desired with E remaining low. 


HM-6561/883 
CERDIP 
vee Gy 

F6 11 | A3 
FS 12 | A2 F7 Lb 
F4 13 | At FI 
F3 14 | AO FO 
F8 15 | AS F2 
F9 16 | AG F2 
F10 7 F2 

|8 | GND F2 
FO v 9 {E FO 


NOTES: 

All resistors 47kQ +5%. 

FO = 100kHz +10%. 

F1=FO+2, F2=F1+2,F3=F2+2...F12=F11+2. 
VCC = §.5V +0.5V. 

VIH = 4.5V +10%. 

VIL = -0.2V to +0.4V. 

Ci =0.01pF Min. 
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Die Characteristics 


DIE DIMENSIONS: WORST CASE CURRENT DENSITY: 
132 x 160 x 19 +1mils 1.337 x 10° A/em 
METALLIZATION: LEAD TEMPERATURE (10s soldering): 
Type: Si - Al < 300°C 
Thickness: 11kA +2kA 
GLASSIVATION: 
Type: SiO» 


Thickness: 8kA +1 kA 


Metallization Mask Layout 
HM-6561/883 
DQ3 DQ2 
ch BK) @r4 DQ1 


1; 


= 
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Vir 
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me 4 
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c| 2) | 4 
H 
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A4 an 
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fallin 
ae 
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i) m1 
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TLS 
vcc i 
PTL 
RS alia 
NO’ 
TY 
a 
jnllin 
lice 
be 
wlll = 
A2 ; aa & 
at} ‘e) 
si = 
EES ee ” 
4 7 (e) 
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Features 
Low Power Standby................005 125uW Max 
Low Power Operation ............. 35mW/MHz Max 
Data Retention ..............00eeeeeee at 2.0V Min 
TTL Compatible Input/Output 
Three-State Output 
Standard JEDEC Pinout 
Fast Access Time. ...............- 120/200ns Max 
18 Lead Package for High Density 
On-Chip Address Register 


Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


Ordering Information 


[ee [ane [Bone [YEW Rane [PACKAGE | KE. 
SR GS GE Lc CS 
psova [| 


Description 


The HM-6504 is a 4096 x 1 static CMOS RAM fabricated 
using self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 


On-chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nate the need for pull up or pull down resistors. The 
HM-6504 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


810240IVA 8102403VA 8102405VA ae F18.3 


Pinouts 


HM-6504 (PDIP, CERDIP) 
TOP VIEW 


| PIN | DESCRIPTION 


HM-6504 (CLCC) 
TOP VIEW 


a 
[oar 
[3 [es cua 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


File Number 
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Functional Diagram 


64 x 64 
Pe MATRIX 
A2e 


64 


-—| GATED COLUMN] p 
DECODER AND 
— tT 


rarer} 
L 


LATCHED 
ADDRESS 
REGISTER 


LSB A11 AS A4 A3 AQ A10 


NOTES: 
1. All lines active high-positive logic. 
2. Three-state Buffers: A high > output active. 
3. Control and Data Latches: L low > Q = D and Q latches on rising edge of L. 
4. Address Latches: Latch on falling edge of E. 
5. Gated Decoders: Gate on rising edge of G. 
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Absolute Maximum Ratings Thermal Information 
By WANG 6.4. dé x hae epackseereiws scoot vedere ers +7.0V Thermal Resistance (Typical) BJA BIC 
Input, Output or I/O Voltage ........... GND -0.3V to Vcc +0.3V CERDIP Package ................ 75°C/W 15°C/W 
ESD ClassificdliON ...ccsiscncuacsduerenisuwwsngins Class 1 PDIP Package..............e00e 75°C/W N/A 
CLOG Packe0@ 2... acuvcccnssare 90°C/W 33°C/W 
Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Junction Temperature 
Ceramic Package ......-.0ce.uansesteeurevnrenes +175°C 
PiaSG PACKAGE oi on Fie ossend cee Seeworeusiewsions +150°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Gale Count «cin cxseneaceuseevageawwavewsawnuds 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................... +4.5V to+5.5V Operating Temperature Range 
HM-6504S-9, HM-6504B-9, HM-6504-9 ........ -40°C to +85°C 
HM-6504B-8, HM-6504-8 .................. -55°C to +125°C 


DC Electrical Specifications Vcc = 5V +10%; Ta = -40°C to +85°C (HM-6504B-9, HM-6504-9) 
Ta = -55°C to +125°C (HM-6504B-8, HM-6504-8) 


eo 
iccsB _| Standby Supply Current | HM-e5o4-9 | - | 25 | pA lO = OMA, E = Voc -0.3V, 
Trance | [= [om 
Operating Supply rj mA 
Current (Note 1) 


E = 1MHz, IO = OmA, VI = GND, 
Voc = 5.5V 


Data Retention Supply poe 5 fA IO = OMA, Vcc = 2.0V, E= Voc 


Ss eee 
VI = Veg or GND, Voc = 5.5V 


Current 


Input Low Voltage 


Input High Voltage 


IO = -1.0mA, Voc = 4.5V 
IO = -100pA, Voc = 4.5V 
Capacitance Ty, = +25°C 


SYMBOL PARAMETER ) MAX UNITS TEST CONDITIONS 


NOTES: 
1. Typical derating 5mA/MHz increase in ICCOP. 


f = 1MHz, All measurements are 
referenced to device GND 


2. Tested at initial design and after major design changes. 
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AC Electrical Specifications Voc = 5V +10%; Ta = -40°C to +85°C (HM-6504S-9, HM-6504B-9, HM-6504-9) 
Ta = -55°C to +125°C (HM-6504B-8, HM-6504-8) 


SYMBOL PARAMETER UNITS 


(1) TELQV Chip Enable Access Time 
(2) TAVQV_ | Address Access Time 


(3) TELQX Chip Enable Output Enable 
Time 

(4) TEHQZ Chip Enable Output Disable 
Time 

(5) TELEH Chip Enable Pulse Negative 
Width 

(6) TEHEL Chip Enable Pulse Positive 
Width 


(7) TAVEL Address Setup Time po 
(8) TELAX Address Hold Time p40 
(9) TWLWH | Write Enable Pulse Width | 20 


TEST 
CONDITIONS 


(Notes 1, 3) 


(Notes 1, 3, 4) 


pons | (Notes 1, 3) 
pons | (Notes 1, 3) 
pons (Notes 1, 3) 
ia (Notes 1, 3) 
Le (Notes 1, 3) 


(Notes 1, 3) 


(Notes 1, 3) 


(10) TWLEH | Write Enable Pulse Setup 
Time 

(11) TWLEL Early Write Pulse Setup 
Time 

(12) TWHEL | Write Enable Read Mode 
Setup Time 


Read or Write Cycle Time 


NOTES: 


1. Input pulse levels: 0.8V to Vcc - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, C, = 50pF (min) - for C, greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 


RSL EE 
KA RIES EES 
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Timing Waveforms 
(8) 


(7) | TELAX (7) 
A <ciy, KML Lh hhhllllltlllllllllllllll lll JRE L& 
TELEL (18) 

TEHEL — =» Le 7 

E 
(1) TELQV 
(4) TEHQZ 

' HIGH 


FIGURE 1. READ CYCLE 


TRUTH TABLE 


a OO 
SS 
SE OS 
SS OS 
SS a 
SS 
a 


The address information is latched in the on-chip registers enabled but the data is not valid until during time (T = 2). W 
on the falling edge of E (T = 0). Minimum address set-up and must remain high for the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all input and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 
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Timing Waveforms (continued) 


(7) (8) 
TAVEL}«- TELAX 


A 
(6) 
TEHEL 
E 
(11) 
LE 
Yvon 
(15) (17) 
TDVEU* TELDX 
D 


HIGH-Z 


LLLLL) QCLMLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LIE 


MLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL> 


(15) 
— >| TDVEL 


LLLLL4 KLMLLLLLLLLLLLLLLLLLLLLLLL LLL LL Lg 


HIGH-Z 


TIME 
REFERENCE 


1 2 3 4 


FIGURE 2. EARLY WRITE CYCLE 


TRUTH TABLE 


INPUTS 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T = 0), the addresses, the write signal, and the data input 
are latched in on-chip registers. The logic value of W at the 
time E falls, determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 


OUTPUT 
FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 


Write in Progress Internally 
Write Completed 
Prepare for Next Cycle (Same as - 1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


state until E returns high (T = 2). For this cycle, the data 
input is latched by E going low; therefore, data set-up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state, the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 
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Timing Waveforms (Continued) 


(7) 


TAVEL (8) (7) 

® OLLLLLIR ENA RS LLLLLLLLLLLLLLLLLLLLLLL I BLOOD 
ri 

© QL LLL 

0 ALMLLLLLLLLLLLLA KCMLLLLLLLLLLLLL LLL LL LL elle 


3) 


: a 
HIGH Z a HIGH Z 
Q 


TIME 
REFERENCE 


-1 0 1 2 3 4 5 


FIGURE 3. LATE WRITE CYCLE 


TRUTH TABLE 


i eee 

TIME 

SS —_-_—— 
es 


The late write cycle is a cross between the early write cycle 
and the read-modify-write cycle. 


Recall that in the early write, the output is guaranteed to 
remain high impedance, and in the read-modify-write the 
output is guaranteed valid at access time. The late write is 


between these two cases. With this cycle the output may 
become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 
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Test Load Circuit 


DUT 


(NOTE 1) C, 


NOTE: 
1. Test head capacitance includes stray and jig capacitance. 
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Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low Power Standby 

Low Power Operation 

Data Retention 

TTL Compatible input/Output 
Three-State Output 

Standard JEDEC Pinout 

Fast Access Time 

18 Pin Package for High Density 
On-Chip Address Register 


Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


Ordering Information 


125uW Max 
35mW/MHz Max 
at 2.0V Min 


120/200ns Max 


HM-6504/883 


4096 x 1 CMOS RAM 


Description 


The HM-6504/883 is a 4096 x 1 static CMOS RAM 
fabricated using self-aligned silicon gate technology. The 
device utilizes synchronous circuitry to achieve high perfor- 
mance and low power operation. 


On-chip latches are provided for addresses, data input and 
data output allowing efficient interfacing with microprocessor 
systems. The data output can be forced to a high impedance 
state for use in expanded memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nate the need for pull up or pull down resistors. The 
HM-6504/883 is a fully static RAM and may be maintained in 
any state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


CERDIP -55°C to +125°C HM1-6504B/883 | HM1-6504/883 F18.3 


Pinout 


HM-6504/883 (CERDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Functional Diagram 


64 x 64 
MATRIX 


64 
GATED COLUMN] D 
DECODER AND 
DATA VO 7 


LATCHED 
ADDRESS 
REGISTER 


LSB A11 AS A4A3 AQ A10 


NOTES: 
1. All lines active high-positive logic. 
2. Three-state Buffers: A high — output active. 
3. Control and Data Latches: L low — Q = D and Q latches on rising edge of L. 
4. Address Latches: Latch on falling edge of E. 
5. Gated Decoders: Gate on rising edge of G. 
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Absolute Maximum Ratings Thermal Information 

SUPDIY VONAGE .ocssinwieenssecsewareedaencuwene curs +7.0V Thermal Resistance BA BNC 

Input, Output or I/O Voltage ........... GND -0.3V to VCC +0.3V CEADIP PACKAOS .2ccceccvausinas 75°C/W 15°C/W 

ESD Classification <..usivuricacasvsrvervraservoeurees Class 1 Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Junction Temperature................00000. +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Ce OU 4 oe 49 EOS SRT SO DEH ENTERS EE REED 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................... +4.5V to+5.5V = Input Low Voltage .............. 00... cee eee -0.3V to +0.8V 
Operating Temperature Range................ -55°C to+125°C = Input High Voltage................... VCC -2.0V to VCC +0.3V 


TABLE 1. HM-6504/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 
Device Guaranteed and 100% Tested 
(NOTE 1) GROUP A 


LIMITS 
PARAMETER SYMBOL | CONDITIONS | SUBGROUPS | TEMPERATURE | MIN | MAX UNITS 


Output Low Voltage VOL VCC = 4.5V, 1,2,3 -55°C < Ta $ +125°C 0.4 V 
IOL = 2mA 

Output High Voltage VOH VCC = 4.5V, 1,2.3 55°C <Tas+125°C | 2.4 V 
IOH = -1.0mMA 

Input Leakage Current eae 5.5V, 1,2,3 55°C < Ta s+125°C | -1.0 | +1.0 yA 

= GND or VCC 

Output Leakage Current VCC = 5.5V, -55°C < Tas +125°C | -1.0 | +1.0 yA 

VO = GND or VCC 


Data Retention Supply Current ICCDR' | VCC =2.0V, -55°C < Ta < +125°C 
E = VCC, 


Operating Supply Current VCC = 5.5V, 
(Note 2), 
E = 1MHz, 


-55°C < Tp < +125°C 


Standby Supply Current VCC = 5.0V, -55°C < Ta < +125°C 
E = VCC -0.3V, 


NOTES: 
1. All voltage referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 
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TABLE 2. HM-6504/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
HM-6504S/883 | HM-6504B/883 | HM-6504/883 
TEMPERA- 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


Chip Enable ( TELQV VCC = 4.5 and 9, 10, 11 
Access Time 5.5V 
( = 4, 


GROUP 
A SUB- 
GROUPS 


(NOTES 1, 2) 
CONDITIONS 


55°C <Ta 
< +125°C 


ai 


300 


| | | | 4 

Address Access 2) TAVQV | VCC=4.5and | 9,10,11 | -55°C<Ta 
Time 5.5V, Note 3 < +125°C 
Chip Enable (5) TELEH |VCC=4.5and | 9,10,11 | -55°C<Ty 
Pulse Negative 5.5V < +125°C 
Width 
Chip Enable (6) TEHEL VCC = 4.5 and 9, 10, 11 
Pulse Positive 5.5V 
Width 
Address Setup (7) TAVEL |VCC=4.5and | 9, 10,11 | -55°C<Ty 
Time 5.5V < +125°C 
Address Hold (8) TELAX VCC = 4.5 and 9,10,11 | -55°C<Ty 
Time 5.5V < +125°C 
Write Enable (9) TWLWH | VCC =4.5 and 9,10,11 | -55°C<Tp 
Pulse Width 5.5V < +125°C 
Write Enable (10) TWLEH | VCC =4.5 and 9,10,11 | -55°C <T, 70 
Pulse Setup 5.5V < +125°C 
Time 
Early Write Pulse | (11) TWLEL | VCC =4.5 and 9,10,11 | -55°C <Tp 
Setup Time 5.5V < +125°C 
Early Write Pulse | (13) TELWH | VCC =4.5 and 9,10,11 | -55°C <Tp 40 
Hold Time 5.5V < +125°C 
Data Setup Time | (14) TDVWL | VCC=4.5and | 9,10,11 | -55°C<T, 

5.5V < +125°C 
Early Write Data | (15) TDVEL |VCC=4.5and | 9,10,11 | -55°C<Ty 
Setup Time 5.5V < +125°C 
Data Hold Time | (16) TWLDX | VCC =4.5 and 9,10,11 | -55°C <Typ 

5.5V < +125°C 
Early Write Data | (17) TELDX |VCC=4.5and | 9, 10,11 | -55°C<Ty, 
Hold Time 5.5V < +125°C 
Read or Write (18) TELEL VCC = 4.5 and 9,10,11 | -55°C <T, | 170 
Cycle Time 5.5V < +125°C 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


a 
wae 
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TABLE 3. HM-6504/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


' HM-6504S/883 
LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE | TEMPERATURE at UNITS 
Input Capacitance VCC = Open, f = 1MHz, All Ta = +25°C 
Measurements Referenced 
to Device Ground 
Output co VCC = Open, f = 1MHz, All Ta = +25°C 
Capacitance Measurements Referenced 
to Device Ground 
Chip Enable Output TELQX | VCC =4.5 and 5.5V 55°C < Ta < +125°C 
Disable Time 
Chip Enable Output | (4) §TEHQZ | VCC =4.5 and 5.5V 55°C < Ta $ +125°C 
Disable Time HM-6504S/883 
VCC = 4.5 and 5.5V 55°C < Ta S$ +125°C 
HM-6504B/883 
VCC = 4.5 and 5.5V 55°C < Ta S$ +125°C 
HM-6504/883 
Write Enable Read | (12) TWHEL | VCC =4.5 and 5.5V 55°C < Ta $ +125°C 
Mode Setup Time 
High Level Output VOHL VCC = 4.5V, lO = -100nA 1 -55°C < Ta $ +125°C | VCC- V 
Voltage 0.4 


NOTE: 


1. The parameters listed in Table 3 are controlled via design, or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


[a 
a a 
ee 
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Timing Waveforms 


(8) 
TAVEL — TAVEL 
SVSLLLL LiL LiL tliitlltllllllllllll lle ec FRE vn 
TereL ele ee TEHEL 
(5) (6) 
E 
(1) TELAV 
(4) TEHQZ 
HIGH Z HIGH Z 
Q 
_ HIGH 
W 
TIME 
REFERENCE oh OOTY 
4 0 1 2 3. 4 5 


FIGURE 1. READ CYCLE 


TRUTH TABLE 


INPUTS OUTPUT 


SOO 

es 
es 
a 
es 
a 


Zz Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


The address information is latched in the on-chip registers enabled but the data is not valid until during time (T = 2). W 
on the falling edge of E (T = 0). Minimum address set up and must remain high for the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all input, and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 
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Timing Waveforms (Continued) 


(7) (8) 
TAVEL}«- TELAX 


(7) 
——>| TAVEL 


§ LLLLD VLLLLLLLLLLLLtlllllltllttlltlltlRE LL 
(6) 
W LELLX LLL 
(15) | (17) 15) 
0 LLL4 LLLLLLLLLLLLLLltttlllllllttttllPrEo LL 


FIGURE 2. EARLY 


1 


WRITE CYCLE 


TRUTH TABLE 


INPUTS 


TIME REFERENCE 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T = 0), the addresses, the write signal, and the data input 
are latched in on-chip registers. The logic value of W at the 
time E falls determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 


OUTPUT 
FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 


state until E returns high (T = 2). For this cycle, the data 
input is latched by E going low; therefore, data set up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state, the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 
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Timing Waveforms (Continued) 


(7) 


TAVEL (8) (7) 
® LLLLL KLMLLLLLLLLLLLLLLLLLLL LB IDD 
E (6) 
TEHEL 8, 
0 ML WMLLLLLLLLLL 
OXLMLMLLLLLLLLLLLLP MLMLLLLLLLLLLLLLLLLLLLLL Le 
(3) (4) 


FIGURE 3. LATE WRITE CYCLE 


TRUTH TABLE 


INPUTS OUTPUTS 


TIME 
REFERENCE 


FUNCTION 


The late write cycle is a cross between the early write cycle between these two cases. With this cycle the output may 
and the read-modify-write cycle. become active, and may become valid data, or may remain 
active but undefined. Valid data is written into the RAM if 
data setup, data hold, write setup and write pulse widths are 
observed. 


Recall that in the early write, the output is guaranteed to 
remain high impedance, and in the read-modify-write, the 
output is guaranteed valid at access time. The late write is 
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Test Load Circuit 
I 
i 
I 
i 
I 
I 
DUT 
i 
(NOTE 1) CL 
I 
I 
OLs 
i 
1 
I 
i 
EQUIVALENT CIRCUIT 
NOTE: 
1. Test head capacitance includes stray and jig capacitance. 
Burn-In Circuit 
HM-6504/883 CERDIP 
vec C1 
F3 | 1 AO ae! 
F4 2) At F9 
F5 /3 | A2 F10 
F6 4] A3 Fit 
F7 5 | Aa F12 
F8 |6 | AS F13 
F2 F14 
F1 8 F2 
19 | GND FO 


NOTES: 

All resistors 47kQ +5%. 

FO = 100kHz +10%. 
F1=F0+2,F2=F1+2,F3=F2+2...F12=F11+2. 
VCC = 5.5V +0.5V. 

VIH = 4.5V +10%. 

VIL = -0.2V to +0.4V. 

C1 = 0.01pF Min. 
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Die Characteristics 
DIE DIMENSIONS: 


WORST CASE CURRENT DENSITY: 


1.79 x 10° A/cm? 
LEAD TEMPERATURE (10s soldering): 


136 x 169 x 19 +1mils 


METALLIZATION: 


< 300°C 


kA +2kA 


Type: Si - Al 
Thickness: 11 
GLASSIVATION: 


kA +1kA 


Type: SiO» 
Thickness: 8 


Metallization Mask Layout 


HM-6504/883 
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NOTE: 


1. Pin numbers correspond to DIP Package only. 
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Features 
e Low Power Standby.............eee00. 125uW Max 
e Low Power Operation ............. 35mW/MHz Max 
« Date RGGHON vaccccsvcescaancevaenes at 2.0V Min 


e TTL Compatible Input/Output 

¢ Common Data Input/Output 

¢ Three-State Output 

Standard JEDEC Pinout 

e Fast Access Time.............+000- 120/200ns Max 
e 18 Pin Package for High Density 

On-Chip Address Register 


Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


HM-6514 


1024 x 4 CMOS RAM 


Description 


The HM-6514 is a 1024 x 4 static CMOS RAM fabricated 
using self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 


On-chip latches are provided for addresses allowing efficient 
interfacing with microprocessor systems. The data output 
can be forced to a high impedance state for use in expanded 
memory arrays. 


Gated inputs allow lower operating current and also elimi- 
nate the need for pull up or pull down resistors. The 
HM-6514 is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


Ordering Information 


24502BVA 


[__i20ns | 200n8 | 00ne | TEMPERATURE RANGE | PACKAGE | _PKG.NO._ 
HM3-6514S-9 HM3-6514B-9 HM3-6514-9 -40°C to +85°C PDIP E18.3 
HM1-6514S-9 HM1-6514B-9 HM1-6514-9 -40°C to +85°C CERDIP F18.3 
8102402VA 8102404VA 8102406VA Poe SMD F18.3 


HM4-6514-B -55°C to +125°C 


-40°C to +85°C 


Pinouts 


HM-6514 (PDIP, CERDIP) 
TOP VIEW 


HM-6514 (CLCC) 
TOP VIEW 


DESCRIPTION 
Address Input 
Chip Enable 


Data Input 
Data Output 


Write Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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Functional Diagram 
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Absolute Maximum Ratings 


Thermal Information 


UDG VOU savas 0084 aRdeDadehs QuanHEw ESSE KOS ES +7.0V. Thermal Resistance (Typical) BJA B5C 
Input, Output or I/O Voltage ........... GND -0.3V to Voc +0.3V CERDIP Package ................ 75°C/W 15°C/W 
Baw CIRSSICBION 4.55 cccesdundavescrextnxeogdaenns Class 1 PDIP Package.............00008. 75°C/W N/A 
CLOG Package ....siscansscncaas 90°C/W 33°C/W 
Operating Conditions Maximum Storage Temperature Range ......... -65°C to +150°C 
Operating Voltage Range..................005 +4.5V to +5.5V ge aie Temperature 175°C 
Operating Temperature Ranges: ieee o BOG fen cueeheeavnee oadewurss poaue en id — 
HM-6514S-9, HM-6514B-9, HM-6514-9 5 Ns read -40°C to +85°C astic ac age ATVEKROHEK DST EHS eee Oper Hee O5 Meee + 5 _ 
HM-6514B-8, HM-6514-8............0 eee. 55°C to +125°C Maximum Lead Temperature (Soldering 10s)............ +300°C 
Die Characteristics 
ete Eo acne a este cke es ene andes 8Gs doe de o eked 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Vcc = 5V +10%; Ta = -40°C to +85°C (HM-6514S-9, HM-6514B-9, HM-6514-9) 
Ta = -55°C to +125°C (HM-6514B-8, HM-6514-8) 


TEST CONDITIONS 


LIMITS 
SYMBOL PARAMETER MIN, | MAX UNITS 


Standby Supply Current 


ICCSB 10 = OmA, E = Vcc -0.3V, Voc = 5.5V 


ICCOP Operating Supply Current (Note 1) 7 mA E = 1MHz, IO = OmA, VI = GND, 
Voc = 5.5V 


ICCDR Data Retention Supply fHMeesi49 | - | 15 | wa | lO = OMA, Vcc = 2.0V, E= Voc 
foresee | 
A 
SC CN 
ier [rewcveataee conn | 10] 0 | oa 

Imatowvowe if a0 fee | veer 


Current 


O 


VOH1 Output High Voltage 
lO = -100pnA, Voc = 4.5V 
Capacitance Ta = +25°C 


VOH2 Output High Voltage (Note 2) 
SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 
ClO Input/Output Capacitance (Note 2) 


NOTES: 
1. Typical derating 5mA/MHz increase in ICCOP. 


f = 1MHz, All measurements are 
referenced to device GND 


2. Tested at initial design and after major design changes. 
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AC Electrical Specifications Voc = 5V +10%; Ta = -40°C to +85°C (HM-6514S-9, HM-6514B-9, HM-6514-9) 
Ta = -55°C to +125°C (HM-6514B-8, HM-6514-8) 


LIMITS 
| HM-65145-9 HM-6514B-9 | HM-6514-9 
SYMBOL PARAMETER UNITS 


(1) TELQV Chip Enable Access Time 
(2) TAVQV Address Access Time 


(3) TELQX Chip Enable Output Enable 
Time 

(4) TEHQZ Chip Enable Output Disable 
Time 

(5) TELEH Chip Enable Pulse Negative 
Width 

(6) TEHEL Chip Enable Pulse Positive 
Width 


(7) TAVEL __| Address Setup Time oe 


TEST 
CONDITIONS 


(Notes 1, 3) 
(Notes 1, 3, 4) 


pons (Notes 1, 3) 
pons | (Notes 1, 3) 


(8) TELAX Address Hold Time 
(9) TWLWH Write Enable Pulse Width 


(Notes 1, 3) 
(Notes 1, 3) 


(Notes 1, 3) 


(10) TWLEH Chip Enable Write Pulse 
Setup Time 

(11) TELWH Chip Enable Write Pulse Hold 
Time 


(17) TELEL ‘| Read or Write Cycle Time 
NOTES: 


1. Input pulse levels: 0.8V to Vcc - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, C_ = 50pF (min) - for C, greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5V and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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Timing Waveforms 


——__— (2) TAVQV ———__> 


- (17) TELEL 


aK 
TEHEL 
E 
HIGH Z 
Da wens //// VALID DATA OUT 
W 
TIME 
REFERENCE 
4 0 1 2 3 4 5 


FIGURE 1. READ CYCLE 


TRUTH TABLE 


TIME 
REFERENCE 


Memory Disabled 
Cycle Begins, Addresses are Latched 


The address information is latched in the on-chip registers enabled, but data is not valid until during time (T = 2). W 
on the falling edge of E (T = 0). Minimum address setup and must remain high throughout the read cycle. After the output 
hold time requirements must be met. After the required hold data has been read, E may return high (T = 3). This will dis- 
time, the addresses may change state without affecting able the output buffer and all inputs, and ready the RAM for 
device operation. During time (T = 1) the output becomes the next memory cycle (T = 4). 
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Timing Waveforms (continued) 
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W OLA iia WILL 
Da —— (VALID DATA INPUT | DATA INPUT & —— 


ee TEL 


TIME 
REFERENCE 


| 0 1 


FIGURE 2. WRITE CYCLE 
TRUTH TABLE 


TIME 
REFERENCE 


The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis- 
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 


Case 1: E falls before W falls 


The output buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so input data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQZ). In this type of 
write cycle TWLEL and TEHWH may be ignored. 


Case 2: E falls equal to or after W falls, and E rises before 
or equal to W rising 


FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 
Write Period Begins 


Data In is Written 
Write Completed 
Prepare for Next Cycle (Same as -1) 


Cycle Ends, Next Cycle Begins (Same as 0) 


This E and W control timing will guarantee that the data out- 
puts will stay disabled throughout the cycle, thus, simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TDVWH and TWHDX become TDVEH and TEHDxX. In 
other words, reference data setup and hold times to the E 
rising edge. 


E falls before W TWLDV TWLEL 
Case 2 | E falls after W and TWLEL TWLDV 
E rises before W TEHWH TWHDX 


If a series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been writ- 
ten (an extension of Case 2). 
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Test Load Circuit 


NOTE: 
1. Test head capacitance. 


DUT 


(NOTE 1) C, 


HM-6514 
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@ HARRIS HM-6514/883 


March 1997 1024 x 4 CMOS RAM 


Features Description 


¢ This Circuit is Processed in Accordance to MIL-STD- The HM-6514/883 is a 1024 x 4 static CMOS RAM fabri- 
883 and is Fully Conformant Under the Provisions of cated using self-aligned silicon gate technology. The device 


Paragraph 1.2.1. utilizes synchronous circuitry to achieve high performance 
e Low Power Standby.............0.e085 125uW Max 2nd low power operation. 
e Low Power Operation ............. 35mW/MHz Max On chip latches are provided for addresses allowing efficient 


interfacing with microprocessor systems. The data output 


* Data Retention ............ssseeeeeees at 2.0V Min can be forced to a high impedance state for use in expanded 
e TTL Compatible Input/Output memory arrays. 

* Common Data Input/Output Gated inputs allow lower operating current and also eliminates 
e Three-State Output the need for pull up or pull down resistors. The HM-6514/883 is 


fully static RAM and may be maintained in any state for an 


> Sana GeEe nau indefinite period of time. 


e Fast Access Time...............05. 120/200ns Max 
* 18 Pin Package for High Density 


Gated Inputs - No Pull Up or Pull Down Resistors 
Required 


e On-Chip Address Register 


Data retention supply voltage and supply current are guaran- 
teed over temperature. 


Ordering Information 


HM1-6514S/883 | HM1-6514B/883 | HM1-6514/883 -55°C to 125°C CERDIP F18.3 


Pinout 


HM-6514/883 
(CERDIP) 
TOP VIEW 


> 
a 
2) 
= 
Lu 
= 
” 
O 
= 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2996 1 
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Functional Diagram 
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HM-6514/883 


Absolute Maximum Ratings Thermal Information 

SO ANG ance cer iasekat danvetaccoensrdan end eas +7.0V Thermal Resistance BJA BNC 

Input, Output or I/O Voltage ........... GND -0.3V to VCC +0.3V CERDIP Package ..............-. 75°C/W 15°C/W 

ESD CIASGIRCAION 6 cvs oaaccdavnctvecnedeseaneeauwns Class 1 Maximum Storage Temperature Range renee eerie -65°C to +150°C 
Maximum Junction Temperature................---05. +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Gate Count ......... cc cc ccc ewer cece vce eecececs 6910 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................44. +4.5V to+5.5V = Input High Voltage.................. 0000 ee VCC -2.0V to VCC 
Operating Temperature Range................ -55°C to+125°C — Input Rise and Fall Time...................000 000s 40ns Max 
INDUT LOW VONAGE. ics vsccesaseeaevsavever cian OV to +0.8V 


TABLE 1. HM-6514/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 
Device Guaranteed and 100% Tested 


LIMITS 
(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX UNITS 
Output Low Voltage VOL VCC = 4.5V 1,2,3 -55°C < Ta $ +125°C 0.4 V 
IOL = 3.2mA 
Output High Voltage VOH |vCC=4.5V 1,2,3 -55°C < Ty $ +125°C Vv 
IOH = -1.0mA 
Input Leakage Current ae 5.5V, 1;2,3 55°C < Tas +125°C | -1.0 +1.0 pA 
= GND or VCC 


Input/Output Leakage OZ VCC =5.5V, -55°C < Ta $ +125°C 
Current VIO = GND or VCC 


Data Retention Supply VCC = 2.0V, -55°C < Ty < +125°C 
Current E = VCC -0.3V, 

IO = OMA 
Operating Supply ICCOP Laie 5.5V, (Note 2) -55°C < Ta $ +125°C 
Current = 1MHz 
Standby Supply VCC = 5.5V, -55°C < Ta $ +125°C 
Current E = VCC-0.3V, 

IO = OmA 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 
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HM-65 14/883 


TABLE 2. HM-6514/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
LIMITS 
GROUP -6514S/883 | HM-6514B/883 | HM-6514/883 
(NOTES 1, 2) A SUB- | TEMPERA- 
PARAMETER SYMBOL | CONDITIONS | GROUPS| TURE MIN 

Chip Enable (1) TELQV VCC = 4.5 and 9,10,11 | -55°C<Tp 

Access Time 5.5V < +125°C 

Address Access | (2) TAVQV_ | VCC =4.5 and 55°C <Tp 

Time 5.5V, Note 3 < +125°C 
Chip Enable (5) TELEH VCC = 4.5 and 9,10,11 | -55°C <Typ 
Pulse Negative 5.5V < +125°C 
Width 


Chip Enable (6) TEHEL |VCC=45and | 9,10,11 | -55°C<Tp 
Pulse Positive 5.5V < +125°C 
Width 

Address Setup (7) TAVEL |VCC=4.5and | 9, 10,11 | -55°C<T, 

Time 5.5V < +125°C 
Address Hold (8) TELAX |VCC=45and | 9, 10,11 | -55°C<Ty 
Time 5.5V < +125°C 
Write Enable (9) TWLWH | VCC = 4.5 and 9,10,11 | -55°C <T, 

Pulse Width 5.5V < +125°C 
Write Enable (10) TWLEH | VCC=45and | 9,10,11 | -55°C<T, 
Pulse Setup 5.5V < +125°C 
Time 
Write Enable (11) TELWH | VCC = 4.5 and 9,10,11 | -55°C <T, 
Pulse Hold Time 5.5V < +125°C 
Data Setup Time | (12) TDVWH | VCC=4.5and | 9, 10,11 | -55°C<Ty ) 
5.5V < +125°C 
| | 


| i 

_ 
Write Data Delay | (14) TWLDV | VCC =4.5 and 9,10,11 | -55°C <Tp 0 
Time 5.5V < +125°C 
Early Output (15) TWLEL | VCC=4.5and | 9, 10,11 | -55°C<Ty 
High-Z Time 5.5V < +125°C 
Late Output (16) TEHWH | VCC=4.5and | 9, 10,11 | -55°C<Ty 
High-Z Time 5.5V < +125°C 
Read or Write (17) TELEL VCC = 4.5 and 9,10,11 | -55°C <Ty 
Cycle Time 5.5V < +125°C 


NOTES: 
1. All voltages referenced to device GND. 


Data Hold Time | (13) TWHDX | VCC =4.5 and 9,10,11 | -55°C <Tp 
5.5V <= +125°C 


HM 
12 
12 
12 
5 
7 
17 


0 


hal 


2. Input pulse levels: 0.8V to VCC-2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 
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TABLE 3. HM-6514/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


HM-6514/883 
LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE | TEMPERATURE | MIN: | MAX UNITS 
Input Capacitance Cl VCC = Open, f = 1MHz, All 1 Ta = +25°C pF 
Measurements Referenced 
to Device Ground 
Input/Output ClO VCC = Open, f = 1MHz, All Ta = +25°C pF 
Capacitance Measurements Referenced 
to Device Ground 
Chip Enable Output TELQX VCC = 4.5 and 5.5V -55°C < Ta $+125°C 
Disable Time 


Chip Enable Output TEHQZ VCC = 4.5 and 5.5V -55°C < Tas +125°C 
Disable Time HM-6514S/883 


VCC = 4.5 and 5.5V 1 < 
HM-6514B/883 
VCC = 4.5 and 5.5V 1 -55°C < Tas +125°C 
HM-6514/883 
High Level Output VOH2 VCC = 4.5V, IO = -100nA 55°C <T,<+125°C | VCC -0.4 pp 
Voltage 


NOTES: 


1. The parameters listed in Table 3 are controlled via design, or process parameters are characterized upon initial design and after major 
process and/or design changes. 


TABLE 4. APPLICABLE SUBGROUPS 


a 
ee 
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HM-65 14/883 


Timing Waveforms 


<< (2) TAVQV ————_> 


a (17) TELEL 
TAVEL —> (7) TAVEL ~s 


renEL 

E 
(4) TEHQZ 
HIGH Z HIGH Z 
Da /// 14) VALID DATA OUT 
WwW 
TIME 
REFERENCE 
4 0 1 2 3 4 5 


FIGURE 1. READ CYCLE 


TRUTH TABLE 


INPUTS 
TIME DATA V/O 


Cycle Begins, Addresses are Latched 
Output Enabled 


The address information is latched in the on-chip registers enabled but data is not valid until during time (T = 2). W must 
on the falling edge of E (T = 0). Minimum address set up and —_ remain high throughout the read cycle. After the output data 
hold time requirements must be met. After the required hold has been read, E may return high (T = 3). This will disable 
time, the addresses may change state without affecting the output buffer and all inputs, and ready the RAM for the 
device operation. During time (T = 1) the output becomes next memory cycle (T = 4). 
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Timing Waveforms (continued) 


» WLLL wm KL-_-_-_~_L~_~~—~~xxxxxxxxLK RN 
W WYLDE - MLZ, 
DQ ——e € VALID DATAINPUT | DATA INPUT i = 


es TEL 


TIME 
REFERENCE 


-1 0 1 


FIGURE 2. WRITE CYCLE 


TRUTH TABLE 


INPUTS 
TIME 


Memory Disabled 
Cycle Begins, Addresses are Latched 


The write cycle is initiated by the falling edge of E (T = 0), 
which latches the address information in the on-chip regis- 
ters. There are two basic types of write cycles, which differ in 
the control of the common data-in/data-out bus. 


Case 1: E falls before W falls 


The output buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so input data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs and all 
inputs will three-state after E rises (TEHQ2Z). In this type of 
write cycle TWLEL and TEHWH may be ignored. 


Case 2: E falls equal to or after W falls, and E rises before 
or equal to W rising 


This E and W control timing will guarantee that the data out- 
puts will stay disabled throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met, but 
TWLDV becomes meaningless and can be ignored. in this 
cycle TDVWH and TWHDX become TDVEH and TEHDX. In 
other words, reference data setup and hold times to the E 
rising edge. 


E falls before W TWLDV | TWLEL 


Case 2 E falls after W and TWLEL haere 
E rises before W TEHWH TWHDX 


If a series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been writ- 
ten (an extension of Case 2). 
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HM-65 14/883 


Test Load Circuit 


t 
i} 
I 
i] 
I 
I 
DUT J 
I i 
(NOTE 1)CL ay | : 
I i 
I 3 
I i 
' (4) 10L | 
I I 
4 I 
I i 
i i 
EQUIVALENT CIRCUIT : 
NOTE: 
1. Test head capacitance. 
Burn-in Circuit 
HM6514/883 CERDIP 

F9 |1 | AG 

F8 }2 | AS 

F7 13 | A4 

F6 / 4] a3 

F3 |5 | Ao 

F4 /6 | At 

F5 ; 
FO 8 


NOTES: 

All resistors 47kQ +5%. 

FO = 100kHz +10%. 

Pi =FO+2,F2=Fi1+2, F3=F2+2...F12=Fi1+2. 
VCC = 5.5V +0.5V. 

VIH = 4.5V +10%. 

VIL = -0.2V to +0.4V. 

Ci = 0.01pF Min. 
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Die Characteristics 


DIE DIMENSIONS: 
136 x 167 x 19 +1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA +2kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA + 1kA 


HM-651 4/883 


WORST CASE CURRENT DENSITY: 
1.79 x 10° A/cm? 


LEAD TEMPERATURE (10s soldering): 
300°C 


Metallization Mask Layout 


NOTE: 


HM-651 4/883 
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1. Pin numbers correspond to DIP Package only. 
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@ HARTIS MWS5114 


March 1997 LSI Static RAM 


Features Description 
e Fully Static Operation The MWS5114 is a 1024 word by 4-bit static random access 


: memory that uses the ion-implanted silicon gate comple- 
reeset eh get gee aa (Same as Pinouts mentary MOS (CMOS) technology. It is designed for use in 
al : . . ypes) memory systems where low power and simplicity in use are 
Common Data Input and Output desirable. This type has common data input and data output 


. and utilizes a single power supply of 4.5V to 6.5V. 
Memory Retention for Standby Battery Voltage as Low 


as 2V Min The MWS5114 is supplied in 18 lead, hermetic, dual-in-line 
sidebrazed ceramic packages (D suffix) and in 18 lead dual- 


All Inputs and Outputs Directly TTL Compatible in-line plastic packages (E suffix). 


Three-State Outputs 
Low Standby and Operating Power 


Ordering Information 


[_200ns_——Ss]~—S=S=250ns,~—Ss;=SS=«S00ns~—=SC*|TEMPERATURE RANGE] PACKAGE | PKG. NO. | 
MWS5114E3 MWS5114E2 MWS5114E1 0°C to +70°C PDIP E18.3 
MWS5114E2X Burn-in E18.3 
MWS5114D3 MWS5114D2 MWS5114D1 0°C to +70°C SBDIP D18.3 
MWS5114D3X Burn-in D18.3 


Pinout 


MWS5114 
(PDIP, SBDIP) 
TOP VIEW 


OPERATIONAL MODES 


Crnenon [es [We [omarme 
a a 
a A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 325.2 
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Functional Block Diagram 


rv > am 
As > am 
Ag > MEMORY ARRAY 
ROW 
SELECT 64 ROWS 
64 COLUMNS 

A7 st 
Ag a 
Ag x 

a INPUT 
VO2 i DATA 

f CONTROL 
VO3 
VO,4 
cs 
7 iD ENABLE 

WE 


> 
cc 
O 
= 
Lu 
= 
” 
Oo 
= 
oO 
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Absolute Maximum Ratings 
DC Supply Voltage Range, (Vpp) 


(All Voltages Referenced to Vss Terminal)........ -0.5V to +7V 
Input Voltage Range, All Inputs ............. -0.5V to Vpp +0.5V 
DC Input Current, Any One Input.......................5. +10mA 


Recommended Operating Conditions 


Thermal Information 


Thermal Resistance (Typical) Bya (CCW) 8jc (CCW) 


Plastic DIP Package .............. 75 N/A 

SBDIP Package.................- 75 20 
Operating Temperature Range (Ta) 

Package Type D.......sesvceusavnsencceens -55°C to +125°C 

Package Type Ei... ciscccceissacesucuswenes -40°C to +85°C 
Maximum Storage Temperature Range (TstTq) . . .-65°C to +150°C 
Maximum Junction Temperature 

Ceramic PACKAQG 2 ccaccvecneenncearensucusnnens +175°C 

PInGHG PRBKAGO sc veces danecanaseaensavvanuuas es +150°C 
Maximum Lead Temperature. ...............000eee0ee +265°C 


At Ta = Full Package Temperature Range. For maximum reliability, operating 


conditions should be selected so that operation is always within the following ranges: 


pC MIMITS 


ALL a... 
PARAMETER 


DC Operating Voltage Range 
Input Voltage Range 


Static Electrical Specifications At Ts = 0°C to +70°C, Vpp = +5%, Except as Noted 


| CONDITIONS | 


Quiescent 
Device 
Current 


Output High 
(Source) 
Current 


| MWSE1143 | 14-3 | MWSE114-2 14-2 MWS5114-1 
Vo | Vin 7 inn 1) are 1) (NOTE 1) 
PARAMETER | SYMBOL | (V) | (V) TYP TYP TYP 
Output Low 
(Sink) Current 


Output Voltage 

Low-Level 

Output Voltage VOH 4.9 
High-Level 

Input Low 

Voltage 

Input High 2.4 

Voltage 

Input Leakage +5 
Current (Note 2) 

Operating IDD1 5 4 

Current (Note 3) 


mA 


+H}. 
ai 
ak bd bl 


a 
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Static Electrical Specifications At Ty = 0°C to +70°C, Vpp = +5%, Except as Noted (Continued) 


LIMITS 


| CONDITIONS — 
Vo | Vin po ae sige te et ee 
PARAMETER | SYMBOL | (V) | (V) 
Three-State louT 
Output Leakage 
Current (Note 4) 
Input Cln 75 75 
Capacitance 
Output Cout 15 
Capacitance 


NOTES: 
1. Typical values are for Ta = 25°C and nominal Vpp. 
2. All inputs in parallel. 
3. Outputs open circuited; cycle time = 1s. 
4. All outputs in parallel. 
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MWS5114 


Dynamic Electrical Specifications at T, = 0°C to +70°C, Vpp = 5V +5%, Input tp, te = 10ns; C, = 50pF and 1 TTL Load 


=e (NOTE 2) (NOTE 1) | (NOTE 2) 
PARAMETER MIN TYP MIN TYP 


READ CYCLE TIMES (FIGURE 1) 


Access from tAA 160 
Address 

Chip Selection to tCO 11 
Output Valid 

Chip Selection to tCX 20 10 
Output Active 

Output Three-State tOTD 75 
from Deselection 

Output Hold from tOHA 50 10 
Address Change 


WRITE CYCLE TIMES (FIGURE 2) 


Write Cycle twC 200 
Write Release tWR 


Address to Chip tACS 

Select Setup Time 

Address to Write tAW 25 
Setup Time 

Data to Write tDSU 75 
Setup Time 

Data Hold from tDH 30 
Write 


1. Time required by a limit device to allow for the indicated function. 


LIMITS 


(NOTE 1) | (NOTE 2) 
MIN TYP 


UNITS 


i} 
oO 


hk 
ne) 
oO 


—_* 
ie) 
or 


ak 
o1 
oO 


D> 


oS 


S 


oS 


2. Typical values are for Ta = 25°C and nominal Vpp. 
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MWS5114 


tRC 
tAA 


ADDRESS (7/7 ML, 


C WLLL RLLLLLL LL 
<toTp>| 
Dout K ACTIVE } ¢ 


NOTE: 
1. WE is high during the Read Cycle. Timing measurement reference level is 1.5V. 


FIGURE 1. READ CYCLE TIMING WAVEFORMS 


twc 


ADDRESS 


Z, DONT CARE A///A/L/ZDR VALID ROLL 


Din 


NOTE: 
1. WE is low during the Write Cycle. Timing measurement reference level is 1.5V. 


FIGURE 2. WRITE CYCLE TIMING WAVEFORMS 


Data Retention Specifications at T, = 0°C to +70°C; See Figure 3 


TEST 
CONDITIONS LIMITS 
ALL | ALL TYPES 
VpR Vpp Pn 1) 
PARAMETER SYMBOL (V) (V) TYP UNITS 


celia i i Ce i ee ee ee ee 
Data Retention Quiescent MWS5114-3 ae i oe 


Current 


MWS5114-2 
MWS5114-1 


Chip Deselect to Data Retention Time tCDR f = 300 
Recovery to Normal Operation Time 7 


1. Typical Values are for Ta = 25°C and nominal Vpp, 
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MWS5114 


FIGURE 3. LOW Vpp DATA RETENTION TIMING WAVEFORMS 
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SEMICONDUCTOR 


aD 


March 1997 
Features 
e Low Power Standby..............00005 275uW Max 
e Low Power Operation ............. 55mW/MHz Max 
e Fast Access Time.................. 120/200ns Max 


Industry Standard Pinout 


ONS BUOY cast cc veer neee Kad ora ne Xs 5.0V Vcc 
¢ TTL Compatible 

e Static Memory Cells 

e High Output Drive 

e On-Chip Address Latches 


e Easy Microprocessor Interfacing 


Ordering Information 


HM4-6516-9 


8403607ZA 


Pinouts 


HM-6516 
(CERDIP) 
TOP VIEW 


a6 {5 
AS 
A4{7 
a3 [8 
A279 
Al 
AO 
NC 
Dao 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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[__20ne____[| 2008 | TEWPRANGE | PACKAGE | _PKGNO_ 
-55°C to +125°C 


HM-6516 


2K x 8 CMOS RAM 


Description 


The HM-6516 is a CMOS 2048 x 8 Static Random Access 
Memory. Extremely low power operation is achieved by the 
use of complementary MOS design techniques. This low 
power is further enhanced by the use of synchronous circuit 
techniques that keep the active (operating) power low, which 
also gives fast access times. The pinout of the HM-6516 is 
the popular 24 pin, 8-bit wide JEDEC standard, which allows 
easy memory board layouts, flexible enough to accommo- 
date a variety of PROMs, RAMS, EPROMs, and ROMs. 


The HM-6516 is ideally suited for use in microprocessor 
based systems. The byte wide organization simplifies the 
memory array design, and keeps operating power down to a 
minimum, because only one device is enabled at a time. The 
address latches allow very simple interfacing to recent gen- 
eration microprocessors which employ a_ multiplexed 
address/data bus. The convenient output enable control also 
simplifies multiplexed bus interfacing by allowing the data 
outputs to be controlled independent of the chip enable. 


CERDIP 
JAN# 
SMD# 


CLCC J32.A 
SMD# 


es 
a 
a 

Poca 


rst rs 


HS) 


x) 


Power (+5V) 


Write Enable 
Output Enable 


2998.1 


File Number 


CMOS MEMORY 


HM-6516 


Functional Diagram 


LATCHED 
ADDRESS 
REGISTER 


128 x 128 
MATRIX 


pao 
& GATED COLUMN ; ur THR 
DECODER S 
5 BG DQ7 


FF 
cette 
LATCHED ADDRESS 


REGISTER 


A3 A2 Al AO 
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Absolute Maximum Ratings 


UDG GUS «6 deeceeewans see dneee evar Genre cede es +7.0V 
Input or Output Voltage Applied for all Grades....... GND -0.3V to 

Voc +0.3V 
Eo) CIAGSIICAUON secs ecdccasscusisaescenscaian ee dd Class 1 


Operating Conditions 


Operating Voltage Range..................04. +4.5V to +5.5V 
Operating Temperature Ranges: 
HM-6516B-9, HM-6516-9................... -40°C to +85°C 


Thermal Information 


Thermal Resistance BJA ByC 
CERDIP Package ................ 48°C/W 8°C/W 
CLCC Package ..............00.. 66°C/W 12°C/W 

Maximum Storage Temperature Range ......... -65°C to +150°C 

Maximum Junction Temperature...............0.00 00s +175°C 

Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
a6 COG « ose eau k ReKRe eR EE ee KER SEER OxERES 25953 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = 5V +10%; Ta = -40°C to +85°C (HM-6516B-9, HM-6516-9) 


ICCSB 


ICCOP 


ICCDR_~_—{.Data Retention Supply Current 


VCCDR 


Data Retention Supply Voltage p20 | 
Input Leakage Current p10 +1.0 pA 
pA 


VIL Input Low Voltage 
Vin Input High Voltage 


VOH1 Output High Voltage 


Capacitance Ty, = +25°C 


NOTES: 
1. Typical derating 5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 


LIMITS 
SYMBOL PARAMETER } MIN | MAX | UNITS 


Standby Supply Current 


100 pA lO = OmA, VI = Voc or GND, 
HM-6516-9 
Operating Supply Current (Note 1) a 


HWOZ Input/Output Leakage Current +1.0 


VOL Output Low Voltage po 


SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 


TEST CONDITIONS 


pA 10 = OmA, VI = Voc or GND, 
Voc = 5.5V, HM-6516B-9 


10 mA f = 1MHz, |O = OmA, G = Voc, Vcc = 


5.5V, VI = Voc or GND 


Voc =2.0V, lO = OmA, VI = Vcc or 
GND, E = Vcc, HM-6516B-9 


Voc = 2.0V, |O = OmA, VI = Vcc or 


GND, E = Vcc, HM-6516-9 


Tk [Wavecrenveo=8ay 
awe vee rN voonsar 


f = 1MHz, All measurements are 
referenced to device GND 
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AC Electrical Specifications Vcc = 5V +10%; Ta = -40°C to +85°C (HM-6516B-9, HM-6516-9) 


LIMITS 
PARAMETER 


Chip Enable Access Time pe | 
Address Access Time pe 


TEST 
CONDITIONS 


Tf ene a) 
aoe 
oe 
Tf awe 
oe 
oe 
Ts fase 
oe 
a 

0 
= 
= 
6 


UNITS 


SYMBOL 


(1) TELQV 
(2) TAVQV 
(3) TELQX 


Chip Enable Output Enable Time 
Write Enable Output Disable Time 


(4) TWLQZ isat i 
(8) TGHQZ i i 


= 
— 
ao 
a 
Sa 
cree pusePeawe wan | eo 
a 
= 
= 
= 
= 
= 
= 


(9) TELEH 


) 


(10) TEHEL 
(11) TAVEL 


(12) TELAX 


restorwine crite 
NOTES: 


. Input pulse levels: 0.8V to Vcc - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, C, = 50pF (min) - for C, greater than 50pF, access time is derated by 0.15ns per pF. 


(13) TWLWH 
(14) TWLEH 


(15) TELWH 


10 
10 
120 
50 
30 
120 
120 
120 
(16) TDVWH 50 
(17) TWHDX 10 
170 


(18) TELEL 


. Tested at initial design and after major design changes. 
3. Voc = 4.5V and 5.5V. 
. TAVQV = TELQV + TAVEL. 


6-170 


HM-6516 


Timing Waveforms 


—z) TELAX (11) 
(11) TAVEL |<— TAVEL 


A a TR ett Db 


— enemroronga TELEL (10) 


(5) 
vera? — (3) . TEHQZ |j=— 
TELQX 


DQ C111 / oe NALD DATA ree 
© MLLLLLLLLLLLLO _— VLLLLLLLLD 


mi 


=| 


TOLOX 
TIME 
REFERENCE 
-1 0 1 2 3 § 5 


FIGURE 1. READ CYCLE 


The address information is latched in the on-chip registers remain high throughout the read cycle. After the data has 
on the falling edge of E (T = 0), minimum address setup and _ been read, E may return high (T = 3). This will force the out- 
hold time requirements must be met. After the required hold _ put buffers into a high impedance mode at time (T = 4). G is 
time, the addresses may change state without affecting used to disable the output buffers when in a logical “1” state 
device operation. During time (T = 1), the outputs become (T =-1, 0, 3, 4, 5). After (T = 4) time, the memory is ready for 
enabled but data is not valid until time (T = 2), W must the next cycle. 


Timing Waveforms (continued) 


(12) : 
(11) TELAX |<— (11) = 
18 s 
(10) (9) oer (10) oO 
E 
— 
Ww LLLLLLLLLLLALLLLLL el W_-_~_~~_xxxxXQTE. 
TELWH (16) (17) 
0 WWD C7 AE 
G HIGH 
REFERENCE se natant ergomaaema narnia rie im 


FIGURE 2. WRITE CYCLE 
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The write cycle is initiated on the falling edge of E (T = 0), 
which latches the address information in the on-chip 
registers. If a write cycle is to be performed where the output 
is not to become active, G can be held high (inactive). 
TDVWH and TWHDX must be met for proper device opera- 
tion regardless of G. If E and G fall before W falls (read 
mode), a possible bus conflict may exist. If E rises before W 


Typical Performance Curve 


LOG (Icc/(1A)) 


rises, reference data setup and hold times to the E rising 
edge. The write operation is terminated by the first rising edge 
of W (T = 2) or E (T = 3). After the minimum E high time 
(TEHEL), the next cycle may begin. If a series of consecutive 
write cycles are to be performed, the W line may be held low 
until all desired locations have been written. In this case, data 
setup and hold times must be referenced to the rising of E. 


BERRREAUE 
\ 


TI 
I 
Tie 
eT 
ann 
T= 
= 
TT — 
TT 


FIGURE 3. TYPICAL ICCDR vs Ta 
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@ HARRIS HM-65 16/883 


March 1997 2K x 8 CMOS RAM 


Features Description 


e This Circuit is Processed in Accordance to MIL-STD- The HM-6516/883 is a CMOS 2048 x 8 Static Random 
883 and is Fully Conformant Under the Provisions of Access Memory. Extremely low power operation is achieved 
Paragraph 1.2.1. by the use of complementary MOS design techniques. This 

low power is further enhanced by the use of synchronous cir- 

Low Power Standby Sra BAEK cuit techniques that keep the active (operating) power low, 
Low Power Operation 55mW/MHz Max’ _—-which also gives fast access times. The pinout of the HM- 
; 6516/883 is the popular 24 pin, 8-bit wide JEDEC Standard 

Fast Access Time 120/200ns Max which allows easy memory board layouts, flexible enough to 
Industry Standard Pinout accommodate a variety of PROMs, RAMS, EPROMs, and 


ROMs. 
BMIGIG SUDO . ccacnen ces csaswneacdeans 5.0V VCC 
The HM-6516/883 is ideally suited for use in microprocessor 


TTL Compatible based systems. The byte wide organization simplifies the 
Static Memory Cells memory array design, and keeps operating power down to a 
minimum because only one device is enabled at a time. The 
High Output Drive address latches allow very simple interfacing to recent gen- 
On-Chip Address Latches eration microprocessors which employ a_ multiplexed 
address/data bus. The convenient output enable control also 
Easy Microprocessor Interfacing simplifies multiplexed bus interfacing by allowing the data 
outputs to be controlled independent of the chip enable. 


Ordering Information 


HM1-6516B/883 | HM1-6516/883 -55°C to 125°C CERDIP |F246 
HM4-6516B/883 po -55°C to +125°C eee J32.A 


Pinouts 


HM-6516/883 HM-6516/883 
(CERDIP) 
TOP VIEW 


> 
a 
O 
= 
Lu 
= 
” 
O 
= 
O 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2999.1 
Copyright © Harris Corporation 1997 6-173 
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Functional Diagram 


128 x 128 
MATRIX 


REGISTER 


A3 A2 At AO 
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Absolute Maximum Ratings Thermal Information 
SUPE VOURUG 22s ccc esacesenacsusacsonesbarernes ye +7.0V Thermal Resistance BJA BIC 
Input or Output Voltage Applied for all Grades... .... GND -0.3V to CERDIP Package ................ 48°C/W 8°C/W 
VCC +0.3V CLCC Package .................. 66°C/W 12°C/W 
a? CARR UO sieinexcae de rhe oacmuteresseannns Class 1 Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Junction Temperature.................0.00. +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Cee s. )| ee eae er ee ae 25953 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................05. +4.5V to+5.5V = Input High Voltage................. cc ee eee eee +2.4V to VCC 
Operating Temperature Range................ -55°C to+125°C Data Retention Supply Voltage................... 2.0V to 4.5V 
INPUT LOW VOHAGGs.<s6c0¢scsnctensziaasaeninwoas OV to+0.8V ‘Input Rise and Fall Time.....................0004. 40ns Max 


TABLE 1. HM-6516/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
LIMITS 
(NOTE 1) GROUP A 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
High Level VOH | VvcC=4.5V 12,3 55°C <Ta<+125°C| 2.4 V 
Output Voltage lO = -1.0mMA 


Low Level VOL VCC = 4.5V 1,2,3 -55°C < Ta $ +125°C V 
Output Voltage 10 = 3.2mA 
High Impedance OZ VCC =G=5.5V, 55°C < Tas +125°C} = -1.0 pA 
Output Leakage VIO = GND or VCC 
Current 
Input Leakage VCC = 5.5V, 1,2,3 -55°C < Ta $ +125°C 
Current VI = GND or VCC 
Operating Supply ICCOP | VCC =G=5.5V, (Note 2) 1, 2,3 -55°C < Ta < +125°C 
Current f = 1MHz, VI = GND or VCC 
Standby Supply | ICCSB1 | VCC =5.5V, HM-6516/883 1,2,3 -55°C < Ta < +125°C 
Current E = VCC-0.3V, 
lO = OmA, VI = GND or VCC 
VCC = 5.5V, HM-6516B/883 55°C < Ty < +125°C | 
a 
a 


1O = OmA, VI = GND or VCC 


E = VCC -0.3V, 
Data Retention ICCDR_ | VCC = 2.0V, HM-6516/883 -55°C < Ta < +125°C 
Supply Current E = VCC-0.3V, 


lO = OmA, VI = GND or VCC 


VCC = 2.0V, HM-6516B/883 
E = VCC-0.3V, 
1O = OmA, VI = GND or VCC 


Functional Test VCC = 4.5V (Note 3) 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


-55°C < Ta < +125°C 


7, 8A, 8B -55°C < Ta $ +125°C 
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TABLE 2. HM-6514/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
LIMITS 
GROUP HM-6516B/883 
(NOTES 1, 2) A SUB- 
CONDITIONS GROUPS TEMPERATURE 


VCC = 4.5 and 5.5V 9,10,11 | -55°C < Ta < +125°C 120 
(2) TAVQV | VCC =4.5 and 5.5V, 9,10, 11 | -55°C < Ty < +125°C 
(Note 3) 


Chip Enable (9) TELEH VCC = 4.5 and 5.5V 9,10,11 | -55°C < Ty < +125°C 
Pulse Negative 
Width 


Chip Enable (10) TEHEL | VCC =4.5 and 5.5V 9,10,11 | -55°C < Ty < +125°C 
Pulse Positive 

Width 

Address Set-up (11) TAVEL VCC = 4.5 and 5.5V 9,10,11 | -55°C < Ty < +125°C 


PARAMETE:R SYMBOL 


Chip Enable 
Access Time 


(1) TELQV 


Address Access 120 


Time 


120 


Time 


Address Hold (12) TELAX | VCC =4.5 and5.5V 55°C < Ta < +125°C 30 
Time 


Write Enable 


(13) TWLWH | VCC = 4.5 and 5.5V 9,10,11 | -55°C < Tp < +125°C 
Pulse Width 


Write Enable (14) TWLEH | VCC = 4.5 and 5.5V 9, 10, 11 
Pulse Set-up 

Time 

(15) TELWH | VCC =4.5 and 5.5V 9,10,11 | -55°C < Ty < +125°C 


(16) TDVWH | VCC =4.5 and 5.5V 9,10,11 | -55°C < Ta < +125°C 


(17) TWHDX | VCC = 4.5 and 5.5V 9,10, 11 | -55°C <Ty <+125°C 


(18) TELEL | VCC=45and5.5V | 9, 10,11 | -55°C<Ta<+125°C | 170 
NOTES: 


1. All voltages referenced to device GND. 


~55°C < Ta $ +125°C 


Chip Selection to 
End of Write 


Data Set-up Tine 


—_ 


Data Hold Time 


Read or Write 
Cycle Time 


2. Input pulse levels: 0.8V to VCC -2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 
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TABLE 3. HM-6516/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
Input Capacitance Cl VCC = Open, f = 1MHz, All 1,2 Ta = +25°C 
Measurements Referenced 
to Device Ground 
VCC = Open, f = 1MHz, All 1,3 Ta = +25°C 12 
Measurements Referenced 
to Device Ground 
lO VCC = Open, f = 1MH2z, All 
Measurements Referenced 
to Device Ground 
VCC = Open, f = 1MHz, All 
Measurements Referenced 
to Device Ground 
Chip Enable to Output | (3) TELQX | VCC =4.5 and 5.5V 
Valid Time 
Write Enable Output | (4) TWLQZ | VCC =4.5 and 5.5V 1 55°C < Ta $ +125°C 
HM-6516/883 


Input/Output 
Capacitance 


> 
i 
+ 
no 
3) 
o) 
1?) 
he 
> 


TC TC T T 


-55°C < Ta < +125°C 


Disable Time 
VCC = 4.5 and 5.5V 1 55°C < Ta < +125°C 
HM-6516B/883 | 
(5) TEHQZ | VCC =4.5 and 5.5V 1 55°C < Ta < +125°C 
HM-6516/883 


Chip Enable Output 
Disable Time 


C 
4) 
VCC = 4.5 and 5.5V 1 55°C < Ta $ +125°C 
HM-6516B/883 
(6) TGLQV | VCC =4.5 and 5.5V 1 55°C < Ta $ +125°C 
(7) TGLQX | VCC =4.5 and 5.5V 55°C < Ta < +125°C 
(8) TGHQZ | VCC =4.5 and 5.5V 1 -55°C < Ta < +125°C 
HM-6516/883 
VCC = 4.5 and 5.5V 55°C < Ta $ +125°C 
HM-6516B/883 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


Output Enable 
Access Time 


Output Enable to 
Output Valid Time 


Output Disable Time 


_ _ 
ioe) ine) 
oO 


2. Applies to LCC device types only. 
3. Applies to DIP device types only. 


TABLE 4. APPLICABLE SUBGROUPS 


fmt emo 
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HM-65 16/883 


Timing Waveforms 


(2) TAVQV 
(12) 
—s | TELAX |<— 


(11) TAVEL |<— 


(11) 
TAVEL 


§ OLLLLLLIK NAO DD DRA LLLLLILLLLLLLLLLLL BEX ADD 


(18) TELEL 
(10) TEHEL (9) TELEH (10) TEHEL 
non a 
W _ aT 
(5) ) 
TEHQZ |~<*— (1) TELQV > TEHQZ 


(5) 


or 


TIME 
REFERENCE 


(8) 


(7) TGLQX 


1 2 3 4 5 


FIGURE 1. READ CYCLE 


The address information is latched in the on-chip registers on 
the falling edge of E (T = 0), minimum address setup and hold 
time requirements must be met. After the required hold time, 
the addresses may change state without affecting device oper- 
ation. During time (T = 1), the outputs become enabled but data 
is not valid urtil time (T = 2), W must remain high throughout 
(12) 
(11) TELAX |=— 
—=>| TAVEL |< 


> 


(10) TEHEL 


=| 


(9) TELEH 


the read cycle. After the data has been read, E may return high 
(T = 3). This will force the output buffers into a high impedance 
mode at time (T = 4). G is used to disable the output buffers 
when in a logical “1” state (T = -1, 0, 3, 4, 5). After (T = 4) time, 
the memory is ready for the next cycle. 


(11) 
TAVEL 


LLLLL LAO YL LLLLLLLLLLLLLLL LLL 


(18) TELEL 


(10) TEHEL 


(14) TWLEH ——> 


~~ LLL»... L—_xxxxxxxxXKQQUE. 


(15) 
TELWH 


(16) 
TOVW 


(17) 
TWHDX 


00 LMLLLLLLLLLLLLLLLLLLL JR NEON RY LLL LLL LLL LL 


G HIGH 


TIME 
REFEFIENCE 


1 2 3 4 5 


FIGURE 2. WRITE CYCLE 


The write cycle: is initiated on the falling edge of E (T = 0), which 
latches the acdress information in the on-chip registers. If a 
write cycle is to be performed where the output is not to 
become active, G can be held high (inactive). TDVWH and 
TWHDX must be met for proper device operation regardless of 
G. If E and G fall before W falls (read mode), a possible bus 
conflict may exist. If E rises before W rises, reference data 


setup and hold times to the E rising edge. The write operation 
is terminated by the first rising edge of W (T = 2) or E (T = 3). 
After the minimum E high time (TEHEL), the next cycle may 
begin. If a series of consecutive write cycles are to be per- 
formed, the W line may be held low until all desired locations 
have been written. In this case, data setup and hold times 
must be referenced to the rising of E. 
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Test Circuit 
(<= SSS a ee ee ee 1 
i] t 
I ! 
I i 
é | 
i I 
I I 
DUT ; 
| I 
(NOTE 1)C, ay I 
I L] 
| i 
i I 
IOL , 
I | 
i | 
I i 
I I 
EQUIVALENT CIRCUIT 
ea eee of 
NOTE: 
1. Test head capacitance includes stray and jig capacitance. 
Burn-In Circuits 
HM-6516/883 HM-6516/883 
CERDIP CLCC 
TOP VIEW TOP VIEW 
= > VCC 
iL 
vcc eg 
Y C 
ain AT 7 Ba vcc 
F9 ry [23}-48 Fi1 b 
Fe A275] 22} “° F12 F9 5} sil 
F7 A4 a] at] “ Fi F8 ; : F12 ‘ 
F6 =F] zo} “ FO 7 a4 s 
A2 A10 81 
F5 Gg 19}— F13 is = ih <= 
Al E F5 
‘ = ‘: F4 r F13 - 
Dao DQ6 FO = 
F2 tJ 16) F2 F2 o 
pai DQ5 
F2 10 15) F2 F2 F2 
e2 DQ2 a 14 DQ4 F2 
GND DQ3 
12) 13 F2 
V 
& & V ef & 
NOTES: 


All resistors 47kQ +5%. 
FO = 100kHz +10%. 
VCC = 5.5V +0.5V. 

VIH = 4.5V +10%. 

VIL = -0.2V to +0.4V. 
Ci = 0.01pF Min. 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
186.6 x 199.6 x 19 t1miis Type: SiO» A 
METALLIZATION: Thickness: 7kA +9kA 


Type: Si - Al WORST CASE CURRENT DENSITY: 
Thickness: 9kA - 13kA 0.5 x 10° A/em2 


Metallization Mask Layout 
HM-6516/883 


A3 A4_ AS5 A6 A7 VCC <A8& AQ W 


A Let HHH ELINLH Meme ee] 


-* eee eee a CPE TE PEPE Te TETETEGD (PE SE TE Te ETE Te STs Sete tote te We tee 
’ ‘ on 8 ‘ tote ‘ Pa ° : 


- me 1b coe ea me ny) He fh . al) : CS 


oO: Seni es 
id po woe ania 


AO DQO0 DQi DQ2 GND pas pas DQ5 DQ6 DQ7 
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Ww HARRIS HM-65162 


2K x 8 Asynchronous 


March 1997 CMOS Static RAM 
Features Description 
e Fast Access Time... coer eae 70/90ns Max The HM-65162 is a CMOS 2048 x 8 Static Random Access 
e Low Standby Current................000. 50uA Max Memory manufactured using the Harris Advanced SAuJI V 


process. The device utilizes asynchronous circuit design for 
fast cycle time and ease of use. The pinout is the JEDEC 24 
¢ Data Retention at 2.0V............e ee eeee 201A Max pin DIP, and 32 pad 8-bit wide standard which allows easy 
memory board layouts flexible to accommodate a variety of 
. industry standard PROMs, RAMs, ROMs and EPROMs. The 
* JEDEC Approved Pinout (2716, 6116 Type) HM-65162 is ideally suited for use in microprocessor based 
¢ No Clocks or Strobes Required systems with its 8-bit word length organization. The conve- 
nient output enable also simplifies the bus interface by allow- 
; ing the data outputs to be controlled independent of the chip 
¢ Single 5V Supply enable. Gated inputs lower operating current and also elimi- 
e Gated Inputs nate the need for pull-up or pull-down resistors. 


e Low Operating Current................. 70mA Max 


¢ TTL Compatible Inputs and Outputs 
¢ Equal Cycle and Access Time 


¢ No Pull-Up or Pull-Down Resistors Required 


Ordering Information 


[PACKAGE | TEMP. RANGE | TOneR0iA NOTE) [| SOreMOIA NOTE) | SOnaftoiA WOTET) | PKG.NO._ 
Paawe [serovar _Joorvona———ifamrowbun SY C*i 
feice | aero sast _[rwaasreabs_—_[rmassraas___frmeesioaos [aaa 
[swor | °c1e 125% _fewnasoeza—___fasaoenaza ___[aoasoaza——«dSRA 


NOTE: 
1. Access time/data retention supply current. 


> 
oc 
Pinouts = 
HM-65162 HM-65162 a 
(CERDIP) (CLCC) 
TOP VIEW TOP VIEW 4 
= 
O 


(a esonron 
a 


bed bed pe 


129 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3000 1 
Copyright © Harris Corporation 1997 6-181 
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Functional Diagram 


Al o— 
) ) : A 
A2 : = 
ne ROW han 168 
MEMORY ARRAY 
SURFER DECODER | 128 
> 7 10F8 
‘aie 7 Dao 
128 THRU 
o : qa 8 paQ7 
ieee DECODER 
AND DATA 
INPUT / OUTPUT ae 


Se ee ee) 


fa 
> ADDRESS BUFFER 


AO A8 A9 A10 
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Absolute Maximum Ratings Thermal Information 
Supply VOURGG sis dessa avaedcdanekdeves oeiavesebeteue +7.0V Thermal Resistance 8ya (CCW) Bj (PCW) 
Input, Output or I/O Voltage........... GND -0.3V to Voc +0.3V GCEADIP PACKAdG << icccscevecsess 48 8 
Typical Derating Factor .......... O5mA/MHz Increase in ICCOP CLOG PECKEGG .o xs secnsennrscnes 66 12 
ESL ClasSCHUON i cannocvne sewn ences dace wd enone seas Class 1 Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Junction Temperature. ............... 00a ee +175°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............ +300°C 
Operating Voltage Range..................... +4.5V to +5.5V ; ae 
Operating Temperature Range Die Characteristics 

HM-65162S-9, HM-65162B-9, 9d GOWN ccc cavesernence peernneevecnsaand 44 26000 Gates 


HM-65162-9, HM65162C-9.... nsec recov eves -40°C to +85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = 5V +10%; Ta = -40°C to +85°C (HM-65162S-9, HM-65162B-9, HM-65162-9, HM-65162C-9) 
ahi eo lie 
HM-65162C-9, |O = OmA, 
ICCEN | Enabled Supply Current ee ee E = 0.8V, lO = OmA, Vcc = 5.5V 
Voc = 2.0V, E = VCC - 0.3V 


LIMITS 
SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 
lO = OmA, E = Vcc - 0.3V, 
pA 
E = Vcc - 0.3V, Voc = 5.5V 
70 mA E = 0.8V, IO = OmA, f = 1MHz, 

Voc = 5.5V 

Bee e 
HM-65162S-9, HM-65162-9, 


ICCSB1 | Standby Supply Current Po HM-65162B-9, 1O = OmA, 
E = Vcc - 0.3V, Voc = 5.5V 
Voc = 5.5V 
[Teoss [Standby Suppy Curent | | 8 (| AE =2.2V,10=0mA,Voo=55V 
HM-65162B-9, IO = OmA, 
lO = OMA, Vcc = 2.0V, 


HM-65162C-9, |O = OmA, 


Voc = 2.0V, E = Vcc - 0.3V 


Vl = Vcc or GND, Voc = 5.5V 


VCCDR | Data Retention Supply Voltage | 20 Ff - Jove | 
[ey4 Input/Output Leakage Current 


Vi [inputtowvorage CdS 
[Win [input rion votage———SS—~*d;C eo 0 
0 


Capacitance Ty, = +25°C 


SYMBOL PARAMETER | MAX | UNITS TEST CONDITIONS 
Input Capacitance (Note 2) f = 1MHz, All measurements are 


NOTES: 
1. Typical derating 5mA/MHz increase in |CCOP. 
2. Tested at initial design and after major design changes. 


|= 
10 = -1.0MA, Voc = 4.5V 
IO = -100pA, Voc = 4.5V 
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AC Electrical Specifications Voc = 5V +10%, Ta = -40°C to +85°C (HM-65162S-9, HM-65162B-9, HM65162-9, HM-65162C-9) 
LIMITS 


Tawasiease [nwariease | nwesreze | nwasieace 
sywso._| paramere [win [wax] ww [wax] win [ WAX] mn | wax uwrrs | conomons 
READ CYCLE: 
i TWAK [Rndootme T=] -[™]-]@]-[*]- [= | tomo 
(2) TAVQV_ | Address Access Time | - | 90 | - | 90 J ns | (Notes 1,3, 4) 


[aaess Recessive | — [85 | - | 70_ 
(3) TELQV Chip Enable Access 70 (Notes 1, 3) 
Time 
(4) TELQX Chip Enable Output (Notes 2, 3) 
Enable Time 
(5) TGLQV Output Enable Access 35 50 (Notes 1, 3) 
Time 
(6) TGLQX Output Enable Output (Notes 2, 3) 
Enable Time 
(7) TEHQZ Chip Enable Output 35 35 (Notes 2, 3) 
Disable Time 
(8) TGHQZ Output Enable Output 40 (Notes 2, 3) 
Disable Time 
(9) TAVQX Output Hold From (Notes 1, 3) 
Address Change 
WRITE CYCLE: 
co TAVAK [WieGeetme [| - |] -]*]-]°]- | = | Mona 
(11) TELWH Chip Selection to End of (Notes 1, 3) 
Write 
(13) TWLWH_ | Write Enable Pulse (Notes 1, 3) 
Width 
(14) TWHAX | Write Enable Read 10 10 (Notes 1, 3) 
Setup Time 
(15) TGHQZ _ | Output Enable Output (Notes 2, 3) 
Disable Time 
(16) TWLQZ_ | Write Enable Output (Notes 2, 3) 
Disable Time 
(7 TOWWH [Daaseuptineg | % | - | o | - | >] -| |] - | ~ | towna 
wa TWHOX [Daaroatme | wo | - | of - | s|-| =|] - [= | mows 
(19) TWHQX_ | Write Enable Output (Notes 1, 3) 
Enable Time 
(20) TWLEH Write Enable Pulse 45 (Notes 1, 3) 
Setup Time 
(21) TDOVEH Chip Enable Data 30 (Notes 1, 3) 
Setup Time 
Write 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and C,_ = 50pF (min) - for C_ greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5 and 5.5V. 
4. TAVQV = TELQV + TAVEL. 
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Timing Waveforms 


(———— mmm 1) TAVAD 


(2) TAVQV 
ADDRESS 
G 
(5) TGLQV 
> (6) TGLQX 
E V/has 


ican = 


(ne aaa st 
TN eee 


(7) TEHQZ 


VLLLILLLLLLLL be 


(9) TAVQX 


(4) TELQX 


NOTE: 
1. Wis high for a Read Cycle. 


FIGURE 1. READ CYCLE 


Addresses must remain stable for the duration of the read 
cycle. To read, G and E must be < Vy, and W > Vy. The 
output buffers can be controlled independently by G while E 
is low. To execute consecutive read cycles, E may be tied 


low continuously until all desired locations are accessed. 
When E is low, addresses must be driven by stable logic 
levels and must not be in the high impedance state. 


(10) TAVAX 
11) TELW (14) TWHAX 
——— (13) TWLWH 
« WEEE" —|_ TTDI 
. (16) TWLQZ 19) TWHQX 
a ane menmnemmanes ta C. 


(17) TOVWH 
(22) TAVWH 


NOTE: 
1. Gis low throughout Write Cycle. 


(18) TWHDX 


FIGURE 2. WRITE CYCLE | 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W, (TDVWH and TWHDX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to the outputs must not 
be applied, (Bus contention). If E transitions low 
simultaneously with the W line transitioning low, or after the 
W transition, the output will remain in a high impedance 
state. G is held continuously low. 
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Timing Waveforms (Continued) 


ADDRESS 


E KLM La 


Q Zi 
0 LLKLLLLLLLLL4 


(17) TOVWH 


In this write cycle G has control of the output after a period, 
TGHQZ. G switching the output to a high impedance state 
allows data in to be applied without bus contention after 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are guaran- 
teed over temperature. The following rules ensure data 
retention: 


1. Chip Enable (E) must be held high during data retention; 
within Voc -0.3V to Voc +0.3V. 


Voc 


VLLLLLLL Le 


Voc 2 02.0V 


Vcc -0.3V TO Voc +0.3V 


(10) TAVAX 


—, “LLL 


TWHAX 


QALLLLLLLILLL 


" CN TE. 


= 


cana ad 


FIGURE 3. WRITE CYCLE Il 


GLLLLLL£La Le 


(18) TWHDX 


TGHQZ. When W transitions high, the data in can change 
after TWHDX to complete the write cycle. 


2. On RAMs which have selects or output enables (e.g., S, 
G), one of the selects or output enables should be held in 
the deselected state to keep the RAM outputs high im- 
pedance, minimizing power dissipation. 

3. Inputs which are to be held high (e.g., E) must be kept be- 
tween Voc +0.3V and 70% of Voc during the power up 
and down transitions. 


4. The RAM can begin operation > 55ns after Voc reaches 
the minimum operating voltage (4.5V). 


LLLLLLL LL 


FIGURE 4. DATA RETENTION TIMING 
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Typical Performance Curve 


LOG (I¢c/(1A)) 


55-35 -15 5 25 45 65 85 105 125 
Ta (°C) 


FIGURE 5. TYPICAL ICCDR vs Ta 
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HARRIS 


SEMICONDUCTOR 


HM-65 162/883 


2K x 8 Asynchronous 
CMOS Static RAM 


March 1997 


Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Fast Access Time.............000. ‘... 70/90ns Max 
e Low Standby Current............ cece eeee 50uA Max 
e Low Operating Current..............05- 70mA Max 
e Data Retention at 2.0V..............0000- 20uA Max 


e TTL Compatible Inputs and Outputs 
e JEDEC Approved Pinout (2716, 6116 Type) 
¢ No Clocks or Strobes Required 


Description 


The HM-65162/883 is a CMOS 2048 x 8 Static Random 
Access Memory manufactured using the Harris Advanced 
SAJI V process. The device utilizes asynchronous circuit 
design for fast cycle time and ease of use. The pinout is the 
JEDEC 24 pin DIP, and 32 pad 8-bit wide standard which 
allows easy memory board layouts flexible to accommodate 
a variety of industry standard PROMs, RAMs, ROMs and 
EPROMs. The HM-65162/883 is ideally suited for use in 
microprocessor based systems with its 8-bit word length 
organization. The convenient output enable also simplifies 
the bus interface by allowing the data outputs to be 
controlled independent of the chip enable. Gated inputs 


lower operating current and also eliminate the need for pull- 
e Wide Temperature Range.......... -55°C to +125°C up or pull-down resistors. 
e¢ Equal Cycle and Access Time 

¢ Single 5V Supply 

¢ Gated Inputs 


- No Pull-Up or Pull-Down Resistors Required 


Ordering information 


90ns/40uA 90ns/300uA TEMP. RANGE PACKAGE | PKG.NO. | 
HM1-65162/883 HM1-65162C/883 -55°C to 125°C =| CERDIP | F24.6 
HM4-65162/883 pe -55°C to 125°C =| CLCC J32.A 


70ns/20uA 
HM1-65162B/833 
HM4-65162B/833 


Pinouts 


HM-65162/883 (CERDIP) 
TOP VIEW 


HM-65162/883 (CLCC) 
TOP VIEW 


ee 
as a 


A6 
A5 
Ag 
A3 
A2 
Al 
AO 


NC 
DQO 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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File Number 
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Functional Diagram 
Ai c ) > 
A2 ¢ 
A3 
A4 “a s ROW 128 X 128 
MEMORY ARRAY 
AS BUFFER DECODER 
A6 
A7 1 OF 8 
Pass S32 2 2 eS Se | 
\ \ Dao 
i THRU 
> oe 4 ‘ “a 1 8 paz 
COLUMN DECODER _ : 
7 AND DATA ; 
E he: INPUT / OUTPUT (X8) I 
> : 
_, : 
da 
——- ‘ asl 
ADDRESS BUFFER 
>: L = 


AO A8 AQ A10 


> 
a 
O 
= 
Lu 
= 
2) 
O 
= 
O 
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Absolute Maximum Ratings Thermal Information 

SUDO VONROS o6 oc ccc saccccacsecaeeeevavec cesar bane +7.0V Thermal Resistance BJA 85C 

Input, Output 0” I/O Voltage........... GND -0.3V to VCC +0.3V CERDIP Package ......600sueeaes 48°C/W 8°C/W 

Typical Derating Factor .......... 1.5mA/MHz Increase in ICCOP CLOC Package ....ccscesscvessc 66°C/W 12°C/W 

ESD GRSSHICHION 25. sous kvesdsuseuseevseveakireens Class 1 Maximum Storage Temperature Range ......... -65°C to +150°C 
Maximum Junction Temperature.................00005 +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Ce CONE 2 oincdc de cewkira eeaes oxewbSadsensn ds 26000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating 
and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................2.. +4.5V to+5.5V Input High Voltage.......... eee eee eee -2.2V to VCC 
Operating Temperature Range................ -55°C to+125°C Data Retention Supply Voltage.................-. 2.0V to 4.5V 
input LOW VONAGE. .62cccvnss accra vaes dienwneans OV to +0.8V Input Rise and Fall Time............ Lenten eewe- wha 40ns Max 
Chip Enable Hicih/Low Time..................0006- 40ns (Min) 


TABLE 1. 65162/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guarant3ed and 100% Tested 


PARAMETER 


High Level Out- 
put Voltage 


Low Level Output 
Voltage 
High Impedance 


Output Leakag3 
Current 


(NOTE 1) GROUP A LIMITS 
SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MIN | MAX | UNITS 
VOH1 VCC = 4.5V, |O = -1.0mA poe | -55°C < Ty < +125°C ine 


1,2,3 
OZ VCC = 5.5V, G = 2.2V, or 1,2,3 -55°C < Ta $ +125°C 
E = 2.2V, VI/O = GND or VCC 


Input Leakage 
Current 


Standby Supply 
Current 


VCC = 5.5V, 1,2,3 -55°C < Ta < +125°C 
VI = GND or VCC 
ICCSB1 | HM-65162B/883, IO = OmA, 1,2,3 -55°C < Ta < +125°C 
VCC = 5.5V, E = VCC -0.3V 
HM-65162/883, IO = OmA, -55°C < Ta < +125°C 
VCC = 5.5V, E = VCC - 0.3V 
55°C < Ta < +125°C oo 
55°C < Ta $ +125°C 2 


Standby Supply 
Current 


ICCSB_ | VCC = 5.5V, |O = OmA, 
E=2.2V 
ICCOP | VCC=5.5V,G=5.5V, 


(Note 2), f= 1MHz, E = 0.8V 


ICCEN VCC = 5.5V, |O = OmA, 
E =0.8V 

ICCDR HM-65162B/883, |O = OmA, 
VCC = 2.0V, E = VCC - 0.3V 


HM-65162/883, IO = OmA, 
VCC = 2.0V, E = VCC - 0.3V 


HM-65162C/883, IO = OmA, 
VCC = 2.0V, E = VCC - 0.3V 
Functional Test = 4, 


VCC = 4.5V (Note 3) 7, 8A, 8B 55°C < Ta $ +125°C 
NOTES: 


1. All voltages referenced to device GND. 


2. Input pulse lavels: 0.8V to VCC - 2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Outputload: 1 
TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time by 0.15ns per pF. 


3. TAVQV = TIELQV + TAVEL. 


Operating Supply 
Current 


Enable Supply 
Current 


VCC = 5.5V, E = VCC - 0.3V 
-55°C < Ta $ +125°C 


Data Retention 
Supply Current 


-55°C < Ta $ +125°C 


55°C < Ta $ +125°C 


-55°C < Ta < +125°C 


1, 2,3 
1,2,3 


HM-65162C/883, IO = OmA, a 
| i | -55°C < Ta < +125°C 


EEE EEELELER 
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TABLE 2. HM-65162/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested. 


LIMITS 
HM-65162B | HM-65162 | HM-65162C 
/883 /883 /883 
(NOTES 1, 2) TEMPERA- 
PARAMETER | SYMBOL | CONDITIONS | GROUPS TURE 


Read/Write/ (1) TAVAX | VCC =4.5V 9,10, 11 | -55°C <Ta < +125°C 

Cycle Time and 5.5V 

Address (2) TAVQV. | VCC =4.5V 9,10, 11 | -55°C <Ta < +125°C 

Access Time and 5.5V 

Chip Enable (3) TELQV. | VCC = 4.5V 9,10, 11 | -55°C< Ta < +125°C 
Access Time and 5.5V 


SN 
Oo 


Output Enable | (5) TGLQV | VCC =4.5V 9,10,11 | -55°C <Ta < +125°C 
Access Time and 5.5V 
Chip Selection | (11) TELWH | VCC = 4.5V 9, 10,11 | -55°C <Ta, < +125°C | 4 
to End of Write and 5.5V 
Address Setup | (12) TAVWL | VCC =4.5V 9,10,11 | -55°C <Ta < +125°C 
Time and 5.5V 
Write Enable | (13) TWLWH | VCC = 4.5V 9,10, 11 | -55°C <Ta < +125°C 
Pulse Write and 5.5V 


Write Enable | (14) TWHAX | VCC =4.5V 9,10, 11 | -55°C <Ta < +125°C 
Read Setup and 5.5V 
Time 
Data Setup (17) TDVWH | VCC = 4.5V 9,10,11 | -55°C <Ta < +125°C | 30 
Time and 5.5V 
Data Hold Time | (18) TWHDX | VCC = 4.5V 9,10,11 | -55°C <Ta < +125°C J 10 
and 5.5V 


Write Enable (20) TWLEH | VCC =4.5V 9,10,11 | -55°C <Ty < +125°C 
and 5.5V 
Data Setup 


Pulse Setup 
Time 
(21) TDVEH | VCC =4.5V 9,10,11 | -55°C <Ta < +125°C 
and 5.5V 
Time 
Address Valid | (22) TAVWH | VCC =4.5V 9,10, 11 | -55°C <Ta < +125°C 
to End of Write and 5.5V 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC -2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL 
gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


—_ 


= 
oO (o) on 


Chip Enable 30 
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2 
: 


PARAMETER UNITS 


Input 
Capacitance 


wT 


no} 
n 


cit 
ine) 


/0 
Capacitance 


wiv 
nN 7 


F = 1M#z, All 
Ci/O VCC = Open, 
F = 1MWHz, All 
Measurements 
Referenced To 
Device Ground 


TABLE 3. HM-65162/883 ELECTRICAL PERFORMANCE SPECIFICATIONS, AC AND DC 
Measurements 
Chip Enable to 
(7) TEHQZ | VCC =4.5V and 
( 
( 


Output ON 


Output Enable 
to Output ON 


Chip Enable 
High to Output 
In High Z 


Output Disable 
to Output in 
High Z 


Output Hold 
from Address 
Change 


fo) 


LIMITS 
HM- HM- 
65162B/883 | 65162/883 | 65162C/883 
SYMBOL CONDITIONS | NOTES | TEMPERATURE 
CIN VCC = Open, 
Referenced To 
Device Ground 
8) TGHQZ | VCC =4.5V and 

9) TAVQX | VCC =4.5V and 


Write Enable tc 
Output in High 22 


Write Enable 
High to Output 
ON 


Output High 
Voltage 


@ 
4 
G) 
| 
O 
x< 
n< 
os @) 
= ©) 
il 
> 
on 
< 
a) 
3 
Qa 
\ \ \ \ | 


Ww —_ 


aon oi 


VCC = 4.5V, 
IO = -100ynA 


< 
QO 
oO 


_ 
Mm 


55°C <Tas 
+125°C 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 
3. Applies to LC:‘C device types only. 


TABLE 4. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD SUBGROUPS 


100%/5004 1, 7,9 


100%/5004 2, 3, 7, 8A, 8B, 10, 11 


Interim Test 


Final Test 


Groups C & D 
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Timing Waveforms 


<—______——-(1) TAVAX 


(2) TAVQV 
ADDRESS 
G 
= (6) TGLQX 
E Vhax 
Q 


(4) TELQX 


NOTE: 
1. Wis High for a Read Cycle. 


a ie eet 
LLILLLL LLL) _ | tae 


pun || eee 

a JIGUMFOPPPPAG 
(3) TELQV (9) TAVQX 

CO Sin 


FIGURE 1. READ CYCLE 


Addresses must remain stable for the duration of the read 
cycle. To read, G and E must be < VIL and W 2 VIH. The 
output buffers can be controlled independently by G while E 
is low. To execute consecutive read cycles, E may be tied 


low continuously until all desired locations are accessed. 
When E is low, addresses must be driven by stable logic 
levels and must not be in the high impedance state. 


oe 
ADonEss — 
* III y,__ se 
« WILLE" —| WITT. 
» LULLED 7 


0 LYEMLLLLLLLLLLLLLLLLL4 Neue amen 


(17) TOVWH 
(22) TAVWH 


NOTE: 
1. Gis Low throughout Write Cycle. 


> 
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O 
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Lu 
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(18) TWHDX 


FIGURE 2. WRITE CYCLE | 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W, (TDVWH and TWHDX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to the outputs must not 
be applied, (Bus contention). If E transitions low 
simultaneously with the W line transitioning low or after the 
W transition, the output will remain in a high impedance 
state. G is held continuously low. 
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Timing Waveforms (continued) 


(10) TAVAX 


ADDRESS 


ann] 


ELM LLLLD 


TWHAX 


HALL 


Ww Zita ea iMtbdd 


ZED 
0 Li 


= 


LIM) Ey 
aa ——~ 


QCLLLLLL LL Lh 


(18) TWHDX 


FIGURE 3. WRITE CYCLE Il 


In this write cycle G has control of the output after a period, 
TGHQZ. G switching the output to a high impedance state 
allows data in to be applied without bus contention after 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are guaran 
teed over temperature. The following rules ensure data 
retention: 


1. Chip Enable (E) must be held high during data retention; within 
VCC -0.3V to VCC +0.3V. 


2. On RAMs which have selects or output enables (e.g., S, G), one 
of the selects or output enables should be held in the deselected 


Voc 


LLLLLLLLLL 


TIMING 


Voc 2 02.0V 


Voc -0.3V TO Voc +0.3V 


TGHQZ. When W transitions high, the data in can change 
after TWHDX to complete the write cycle. 


state to keep the RAM outputs high impedance, minimizing 
power dissipation. 


3. Inputs which are to be held high (e.g., E) must be kept between 
VCC +0.3V and 70% of VCC during the power up and down tran- 
sitions. 


4. The RAM can begin operation > 55ns after VCC reaches the min- 
imum operating voltage (4.5V). 


VLLLLLLLLL 


FIGURE 4. DATA RETENTION TIMING 
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Test Circuit 
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NOTE: 
1. Test head capacitance includes stray and jig capacitance. 


Burn-ln Circuits 


HM-65162/883 HM-65162/883 
CERDIP CLCC 
TOP VIEW TOP VIEW 
= » VCC 
i 
vee al 
Y Cc 
F10 ~dt Eg price 
F9 ry Ey a b 
F8 ~f3 22} F12 F9 As a 
A4 W AS 
F7 FS F12 > 
A3 Ea Fel G is F7 A4 oc 
Fs Gg 20 FO — 9 
A2 A10 
F5 7 6 | 19 }-— F13 . AD w 
E 
roa re na | | 8 
AO DQ7 
FS 8 | F2 AO = 
pao DQ6 F3 FO O 
F2 | 9 | 16) F2 = = 
- bo2 7] Fa} D4 - 
GND DQ3 
12) 13) F2 
V 
& & V ft 
NOTES: NOTES: 
All resistors 47kW +5%. All resistors 47kKW +5%. 
FO = 100kHz +10%. FO = 100kHz +10%. 
Fi =FO+2,F2=F1+2,F3=F2+2...F13=F12+2. Fi =FO+2,F2=F1+2,F3=F2+2...F13=F12+2. 
VCC = 5.5V +0.5V. VCC = 5.5V +0.5V. 
VIH = 4.5V +10%. VIH = 4.5V +10%. 
VIL = -0.2V to +0.4V. VIL = -0.2V to +0.4V. 
C = 0.01pF Min. C = 0.01pF Min. 
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Die Characteristics 


DIE DIMENSIONS: 
180.3 x 194.9 x 19 +1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA +2kA 


Metallization Mask Layout 


ERC! 


Poss BERG 


pr ws 


2 


DQO0 DQ1 DQ2GND DQ3 


HM-65162/883 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA +1kA 


WORST CASE CURRENT DENSITY: 
1.7 x 10° A/em@ 


HM-65 162/883 


A7 VCC A& A9 Ww G 


OE AE 


Oa Eo Py omitial He ie 
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SEMICONDUCTOR 


HM-65262 


16K x 1 Asynchronous 
CMOS Static RAM 


aD 


March 1997 


Features 


Fast Access Time 

Low Standby Current 

Low Operating Current 

Data Retention at 2.0V 

TTL Compatible Inputs and Outputs 
JEDEC Approved Pinout 

No Clocks or Strobes Required 
Temperature Range 

Equal Cycle and Access Time 
Single 5V Supply 


70/85ns Max 
50uA Max 
50mA Max 
20uUA Max 


+55°C to +125°C 


Description 


The HM-65262 is a CMOS 16384 x 1-bit Static Random 
Access Memory manufactured using the Harris Advanced 
SAJI V process. The device utilizes asynchronous circuit 
design for fast cycle times and ease of use. The HM-65262 
is available in both JEDEC standard 20 pin, 0.300 inch wide 
CERDIP and 20 pad CLCC packages, providing high board- 
level packing density. Gated inputs lower standby current, 
and also eliminate the need for pull-up or pull-down resis- 
tors. 

The HM-65262, a full CMOS RAM, utilizes an array of six 
transistor (6T) memory cells for the most stable and lowest 
possible standby supply current over the full military temper- 


ature range. In addition to this, the high stability of the 6T 
RAM cell provides excellent protection against soft errors 
due to noise and alpha particles. This stability also improves 
the radiation tolerance of the RAM over that of four transistor 
(4T) devices. 


Gated Inputs-No Pull-Up or Pull-Down Resistors 
Required 


Ordering Information 


(NOTE 1) 
| packaae TEMP. RANGE | 70ns/20uA (NOTE 1)| 85ns/20uA (NOTE 1) 85ns/400uA 


-40°C to +85°C | HM1-65262B-9 HM1-65262-9 Ld F20.3 
-55°C to +125°C | 29109BRA 29103BRA F20.3 


CLCC (SMD#) 


55°C to +125°C | 8413203RA 8413201RA Lo F20.3 


-55°C to +125°C ~=| 8413203YA 8413201YA J20.C 
NOTE: 


1. Access Time/Data Retention Supply Current. 


Pinouts 


HM-65262 (CERDIP) 
TOP VIEW 


> 
a 
O 
= 
Lu 
= 
” 
O 
= 
O 


HM-65262 (CLCC) 
TOP VIEW 


1Gde 


aCe ea eOde ste dee 
e = @e@@eaewet Ba @ 


Es) 
zQua 
6 


Write Enable 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 3002.2 


HM-65262 


Functional Diagram 


A2 o— 
A3 O amet ARRAY 
o— 128 X 128 


oe ol Seen DECODER 
J) 
ye < = 
Ee CL 
ADDRESS BUFFERS 
We ——  — £ UL 
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Absolute Maximum Ratings Thermal Information 

BUC VONEOS 25 heh dior er d coe Seon dere Heseraeene se case +7.0V. Thermal Resistance (Typical) BJA 85c 

Input or Output Voltage Applied for all grades ..... -0.3V to Voc +0.3V CERDIP Package... .ccccecsascces 66°C/W 13°C/W 

Typical Derating Factor................ 5mA/MHz Increase in ICCOP CLEGG PaCS, « ooc0 s4.ds or acee anes 75°C/W 18°C/W 

ESO CAASSICRHON c0'he208 oo nseus Ose doe Ge ey ees beaw ses Class 1 Maximum Storage Temperature Range............. -65°C to +150°C 
Maximum Junction Temperature ............0.00 cece eens +175°C 
Maximum Lead Temperature (Soldering 10s)............... +300°C 


Die Characteristics 
ee CN. gS 60. ay da xd Ae RAW RRR RS ERS DEE SOHESS 26256 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................0-. +4.5V to+5.5V Operating Temperature Range 
HM-65262B-9, HM-65262-9, HM-65262C-9..... -40°C to +85°C 


DC Electrical Specifications Voc = 5V +10%; Ta = -40°C to +85°C (HM-65262B-9, HM-65262-9, HM-65262C-9) 


LIMITS 
UNITS TEST CONDITIONS 


SYMBOL PARAMETER | MIN- | MAX 
HM-65262B-9, HM-65262-9, IO = OmA, 


ICCSB1 Standby Supply Current pA 
E = Vcc -0.3V, Veco = 5.5V 
pA 


HM-65262C-9, |O = OmA, 
E = Voc -0.3V, Vcc = 5.5V 
ICCSB Standby Supply Current mA E = 2.2V, 10 = OMA, Voc = 5.5V 
CC 
ICCEN _| Enabled Supply Current pot 50 mA E = 0.8V, |O = OMA, Voc = 5.5V 
A 


ICCOP Operating Supply Current (Note 1) m E = 0.8V, |O = OmA, f = 1MHz, 
Voc = 5.5V 

ICCDR Data Retention Supply Current pA HM-65262B-9, HM-65262-9, 
Voc = 2.0V, E= Voc 


a 


Data Retention Supply Current pA HM-65262B-9, HM-65262-9, 
Voc = 3.0V, E= Voc 


Input Leakage Current +1.0 pA VI = Voc or GND, Voc = 5.5V 
C cc 


ICCDR1 


10Z 


VOH2 | Output High Voltage (Note 2) }Veo-04 fo  - [ Vv” IO = -100pA, Voc = 4.5V 
Capacitance Tp, = +25°C 


SYMBOL PARAMETER ) MAX | UNITS TEST CONDITIONS 
Input Capacitance (Note 2) f = 1MHz, All measurements are 
f t ice GND 


NOTES: 
1. Typical derating 5mA/MHz increase in ICCOP. 
2. Tested at initial design and after major design changes. 
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HM-65262 


AC Electrical Specifications Vocg =5V 10%, T, = -40°C to +85°C (HM-65262B-9, HM-65262-9, HM-65262C-9) 


. LIMITS 
SYMBOL PARAMETER | MIN | MAX — | MIN | MAX | | MIN | MAX | UNITS | CONDITIONS 
Le 


READ CYCLE 


ROE SSS 
ow [restore [T=] |= | |= [wma 
Ta way [rsiemmontoe [| =| | =| | = |= [ramrs 


(4) TELQX Chip Enable Output Enable (Notes 2, 3) 
Time 

(5) TEHQX | Chip Disable Output Hold ai _ (Notes 2, 3) 
Time 


(6) TAXQX Address Invalid Output Hold (Notes 2, 3) 
Time 

(7) TEHQZ | Chip Enable Output Disable ais (Notes 2, 3) 
Time 


WRITE CYCLE L 
(8) TAVAX Write Cycle Time | (Notes 1, 3 
) ( 


(9) TELWH Chip Selection to End of 6 
Write 


, 3) 


0 

hal 

= 

= 

= 

a 

rs _Pe 
" Hiei hem 
“ieee 
Ts ra 
Tis ra 
Ts ra 
Ter 
hal 
= 
a 


( 


Notes 1, 3) 


(Notes 1, 3) 
(Notes 1, 3) 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent and C,_ = 50pF (min) - for C_ greater than 50pF, access time is derated by 0.15ns per pF. 


70 

55 
= 
ef 
<a 
| =f 
ef 
[ana [aseevacwensotwe] = | 
ef 
} ef 
= 
= 
ef 
= 
ef 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5 and 5.5V. 
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Timing Waveforms 


® VLLLLL LLL @ — — BRLLLLLLLLLLL LL 


(4) TELQX 


mi 


(7) TEHQZ 


(5) TEHQX 


Q CLL LL Bu. $$ FLLLLLLLLL4 


1. Wis high for entire cycle and D is ignored. Address is stable by the time E goes low and remains valid until E goes high. 
FIGURE 1. READ CYCLE 1: CONTROLLED BY E 


(1) TAVAX 


A 


(4) TELQX (7) TEHQZ 
(6) TAXQX 


Q CMLLLLLLLLLLLLLLLLLLERW-KLLLLLLLLLL4 


NOTE: 
1. Wis high for the entire cycle and D is ignored. E is stable prior to A becoming valid and after A becomes invalid. 
FIGURE 2. READ CYCLE 2: CONTROLLED BY ADDRESS 


5 
(8) TAVAX 
A ec i 
(17) TAVWH (12) TWHAX 5 
= 
: XL KR LLLI, - 
(7) TEHQZ 
D ee CLLLLLLLLLLLLLL 
(15) TWLQZ 
aoe (16) TWHQX 


a KLLLLLLLLLLLLL LLL CLLLLLLLL LL Lp 


NOTE: 
1. In this mode, E rises after W. The address must remain stable whenever both E and W are low. 
FIGURE 3. WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 
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HM-65262 


Timing Waveforms (continued) 


——————— (6) TAVAX 


(20) TAVEH 
(21) TELEH 


19) TEHAX 
(18) TAVEL ai 


mil 


=| 


YLLLLES 


RZ 
0 LKLMLLLLLLLLLLOK_____ IRLLLLILLLLLLLLL 


Q KLLiLLL LLiLLip 


(15) TWLQZ (7) TEHQZ 


NOTE: 


1. In this mode, W rises after E. If W falls before E by a time exceeding TWLQZ (Max) TELQX (Min), and rises after E by a time exceeding 
TEHQZ (Max) TWHQ2Z (Min), then Q will remain in the high impedance state throughout the cycle. 


FIGURE 4. WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in the deselected state to keep the RAM outputs high 
mind. Data retention voltage and supply current are guaran- impedance, minimizing power dissipation. 
teed over temperature. The following rules ensure data 


retention: 3. Inputs which are to be held high (e.g., E) must be kept 


_ between Voc +0.3V and 70% of Voc during the power 
1. Chip Enable (E) must be held high during data retention; up and down transitions. 


lt Ge GG ea. 4. The RAM can begin operation > 55ns after Voc reaches 


2. On RAMs which have selects or output enables (e.g., S, the minimum operating voltage (4.5V). 
G), one of the selects or output enables should be held in 


DATA RETENTION = ———» 
MODE 


Vee Voc 2 2.0V 


Vcc -0.3V TO Vcoc +0.3V 


LLLLLLLLLL) KL iL 


mil 


FIGURE 5. DATA RETENTION TIMING 
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Typical Performance Curve 


LOGIC (Iec/(1A)) 


St PS ee ne 
“| | | {|} | | | 
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FIGURE 6. TYPICAL ICCDR vs Ta 
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wraARRS HM-65262/883 


16K x 1 Asynchronous 
March 1997 CMOS Static RAM 


Features Description 


¢ This Circuit is Processed in Accordance to MIL-STD- The HM-65262/883 is a CMOS 16384 x 1-bit Static Ran- 
883 and is Fully Conformant Under the Provisions of dom Access Memory manufactured using the Harris 


Paragraph 1.2.1. Advanced SAuJI V process. The device utilizes asynchro- 

' nous circuit design for fast cycle times and ease of use. 

+ PASE ee eoe WUE arene aisenceny asks 7o/6SnsMax The HM-65262/883 is available in both JEDEC Standard 20 
e Low Standby Current...............00005 50uA Max pin, 0.300 inch wide CERDIP and 20 pad CLCC packages, 


providing high board-level packing density. Gated inputs 


* Low Operating Current ...............+.. S0mA Max lower standby current, and also eliminate the need for pull- 
° Data Retention at 2.0V.............0c000 20uA Max UP or pull-down resistors. 

¢ TTL Compatible Inputs and Outputs The HM-65262/883, a full CMOS RAM, utilizes an array of 

; six transistor (6T) memory cells for the most stable and 

e JEDEC Approved Pinout lowest possible standby supply current over the full military 

¢ No Clocks or Strobes Required temperature range. In addition to this, the high stability of 

the 6T RAM cell provides excellent protection against soft 

¢ Temperature Range............... +55°C to +125°C ~— errors due to noise and alpha particles. This stability also 


improves the radiation tolerance of the RAM over that of 


¢ Gated Inputs-No Pull-Up or Pull-Down Resistors 
four transistor (4T) devices. 


Required 


Equal Cycle and Access Time 


Single 5V Supply 


Ordering Information 


70ns/20uA 85ns/201A 85ns/400nA TEMP. RANGE PACKAGE | PKG. NO. 
ae HM1-65262/883 ae -55°C to+125°C | CERDIP F20.3 
HM4-65262B/883 HM4-65262/883 Le -55°C to +125°C |CLCC J20.C 


Pinouts 


HM1-65262/883 (CERDIP) HM-65262 (CLCC) 
TOP VIEW TOP VIEW 


a 
ae 
es 
es 


3: 
4: 
S: 
é: 
i 
: 


z=awa - 
Fa Write Enable 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3003 2 
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Functional Diagram 


A2 6— ROW 
a o— ADDRESS MEMORY ARRAY 
o— BUFFER 128 X 128 


COLUMN DECODER 
1 OF Bel 
AND I/O CIRCUITRY 


on 
>. 
— COLUMN 
ADDRESS BUFFERS 
A 
. 
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CMOS MEMORY 


HM-65262/883 


Absolute Maximum Ratings 


Thermal Information 


OO WANE 2 6 gus 2 55649005 $05 009549450500 000% ee +7.0V. Thermal Resistance (Typical) BJA BJC 
Input or Output Voltage Applied for all Grades... .. -0.3V to VCC +0.3V CERDIP Package.......62csncneuaus 66°C/W 13°C/W 
Typical Derating Factor................ 5mA/MHz Increase in |CCOP CLOG PACKSGG, os «secs vane saan ens 75°C/WW 18°C/W 
BO Cisse vnc ctw ee te Rhee OX hs Gece sennenges nees s Class 1. Maximum Storage Temperature Range............. -65°C to +150°C 
Maximum Junction Temperature ............000 cess eens +175°C 
Maximum Lead Temperature (Soldering 10s) ............... +300°C 


Die Characteristics 


Gale COUN «. cc ne weceaeeaenevnensavancsuntowyunes 26256 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................... +4.5V to+5.5V —_ Input High Voltage (VIH).....................0000. +2.2V to VCC 
Operating Temperature Range................ -55°C to+125°C Data Retention Supply Voltage................... 2.0V to 4.5V 
Input Low Voltage... 1.1.2... eee eee eee OV to +0.8V Input Rise and Fall Time...................---008. 40ns Max. 


TABLE 1. HM-65262/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 
Device Guaranteed and 100% Tested 


(NOTE 1) GROUP A 
DC PARAMETER SYMBOL CONDITIONS SUB-GROUPS TEMPERATURE UNITS 


High Level Output Voltage | VOH1 | VCC =4.5V, 10 =-4.0mA 55°C < Ta <+125°C aay = | ¥ | 
Low Level Output Voltage p VOL | VCC = 4.5V, IO = 8.0mA —o 55°C < Tp < +125°C mies 


High Impedance Output tall VCC = 5.5V, E =5.5V, VO = GND -5B°C < Ty < 4+125°C 
or VCC 


Leakage Current 
Input Leakage Current po VCC = 5.5V, VI = GND or VCC 55°C < Ta < +125°C 


Standby Supply Current ICCSB1 | VCC =5.5V, lO = OmA, E = VCC -55°C < Ty $ +125°C 
-0.3V 


Standby Supply Current IccSB_ | VCC =5.5V, 10 =0mA, E =2.2V eee 55°C < Ta $ +125°C 


ICCOP | VCC =5.5V, (Note 2), f= 1MHz, E 55°C < Ty < +125°C _ 
= 0.8V 


Operating Supply 
Current 


Data Retention Supply 
Current 


ICCDR | VCC =2.0V, IO = OmA, E = VCC ~55°C < Ta < +125°C 
-0.3V 


ICCEN | VCC =5.5V, IO = OmA, E = 0.8V ~55°C < Ta < +125°C 
VCC = 4.5V (Note 3) 7,8A,8B | -55°C < Ty < 4125°C 
NOTES: 


1. All voltages referenced to device GND. 
2. Typical derating 1.5mA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH 


Enable Supply Current 


Functional Test 


= -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


TABLE 2. HM-65262/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
(NOTES 1, 2) SUB- 
AC PARAMETER | SYMBOL CONDITIONS GRouPS | TEMPERATURE | MIN: | MAX | 


Read/Write/Cycle (1) TAVAX | VCC=4.5Vand5.5V | 9, 10, 11 55°C < Ty < +125°C 70 

Time 
Address Access _| (2) TAVQV. | VCC =4.5Vand5.5V| 9, 10,11 | -55°C<T,<+125°C ae 
Time 


GROUP A 


6-206 


HM-65262/883 


TABLE 2. HM-65262/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 


Device Guaranteed and 100% Tested 
HM- 
65262B/883 HM-65262/883 
LIMITS LIMITS 
(NOTES 1, 2) 
AC PARAMETER SYMBOL CONDITIONS TEMPERATURE 


Chip Enable to End | (3) TELWH_ | VCC =4.5V and5.5V 

of Write 
Chip Enable Access | (4) TELQV VCC = 4.5V and 5.5V 55°C < Ta < +125°C 
Time 


Address Hold Time |} (5) TWHAX | VCC =4.5Vand5.5V } 9, 10, 11 55°C < Ta < +125°C 
Address Setup Time | (6) TAVWL | VCC =4.5Vand5.5V] 9, 10,11 | -55°C <Ta <+125°C 


Address Valid to (7) TAVWH | VCC =4.5Vand5.5V] 9, 10,11 | -55°C <Ta <+125°C 
End of Write 


Address Setup Time | (8) TAVEL | VCC =4.5Vand5.5V| 9, 10,11 | -55°C <T, <4125°C Po] po oe 
Address Hold Time | (9) TEHAX | VCC =4.5V and5.5V “55°C < Ty < +125°C |e [> he. 
pe] - fe - | 


GROUP A 
SUB- 
GROUPS 


UNITS 


9, 10, 11 


Address Valid to (10) TAVEH | VCC =4.5Vand5.5V{ 9, 10, 11 -55°C < Ta $ +125°C 
End of Writes 

Write Enable Pulse | (11) TWLWH | VCC = 4.5V and 5.5V 55°C < Tas +125°C 
Write 


Data Setup Time (12) TDVWH | VCC =4.5Vand5.5V | 9,10,11 | -55°C <Ta < +125°C 
Data Hold Time (13) TWHDX | VCC =4.5V and5.5V ] 9, 10, 11 55°C < Ta < +125°C 
Enable Pulse Width | (14) TELEH | VCC =4.5V and5.5V 55°C < Ta < +125°C 


Write to End of (15) TWLEH } VCC =4.5V and 5.5V 55°C < Tas +125°C 
Write 


Data Setup Time (16) TDVEH | VCC =4.5V and5.5V 55°C < Ta $ +125°C 


Data Hold Time (17) TEHDX | VCC =4.5V and5.5V 55°C < Ta $ +125°C 


NOTES: 
1. All voltages referenced to device GND. 


2. Input pulse levels: 0.8V to VCC -2.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 
TTL gate equivalent, CL = 50pF (min) - for CL greater than 50pF, access time is derated by 0.15ns per pF. 


3. TAVQV = TELQV + TAVEL. 


TABLE 3. HM-65262/883 ELECTRICAL PERFORMANCE SPECIFICATIONS, AC AND DC 


LIMITS 
(NOTE 1) 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE ) MIN | MAX 
— pF 


Input Capacitance VCC = Open, f = 1MHz, All 


Measurements Refer- 
enced To Device Grounds 


C 
VCC = Open, f = 1MHz, All 1,3 Ta = +25°C pF 
Measurements Refer- 
enced To Device Grounds 


IN 
co VCC = Open, f = 1MHz, All 
Measurements Refer- 
enced To Device Grounds 
VCC = Open, f= 1MHz, All 
Measurements Refer- 
enced To Device Grounds 


Output Capacitance 
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TABLE 3. HM-65262/883 ELECTRICAL PERFORMANCE SPECIFICATIONS, AC AND DC (Continued) 


LIMITS 
(NOTE 1) 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN, | MAX 
Write Enable to Output in High Z (18) VCC = 4.5V and 5.5V ~55°C < Ta $ +125°C 40 
TWLOQZ 
Write Enable High to Output ON (19) VCC = 4.5V and 5.5V 55°C < Ta $ +125°C 
TWHQX 
Chip Enable to Output ON (20) VCC = 4.5V and 5.5V -55°C < Ta $ +125°C 
TELQX 
Output Enable High to Output in (21) TE- | VCC = 4.5V and 5.5V 1 -55°C < Tas +125°C 
High Z HQZ 
Chip Disable to Output Hold Time (22) TE- | VCC = 4.5V and 5.5V ~55°C < Ta $+125°C 
HQX 
Address Invalid Output Hold Time | (23) TAX- | VCC = 4.5V and 5.5V “55°C < Ty < +125°C aa 
QX 


High Level Output Voltage (24) VOH2 | VCC = 4.5V, 10 =-100mA 55°C < Ta $+125°C- | VCC -0.4V V 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 


3. Applies to LCC device types only. 


TABLE 4. APPLICABLE SUBGROUPS 


Sc 
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Timing Waveforms 


§ CLLLLLLLLL4 


LLLLLLLLLLLLLLL Lv 


mil 


(21) TEHQZ 
Q 441114, Tr, 7/1/7777, 


NOTE: 
1. Wis high for entire cycle and D is ignored. Address is stable by the time E goes low and remains valid until E goes high. 


FIGURE 1. READ CYCLE 1: CONTROLLED BY E 


(1) TAVAX 


A 


(20) TELQX (21) TEHQZ 
(23) TAXQX 


Q CMLLLLLLLLLLLLLLLLLLIKGR_RLLLLLLLLL 29 


NOTE: 
1. Wis high for the entire cycle and D is ignored. E is stable prior to A becoming valid and after A becomes invalid. 
FIGURE 2. READ CYCLE 2: CONTROLLED BY ADDRESS 


(1) TAVAX 


A ( 


—— ae _— 
E CLES MLLLIE 


oF 
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o 
O 
= 
Lu 
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= 
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(21) TEHQZ 
red ee 
0 VMMVLLLLLLLLtttO KR —|KLLLLLLLlllllll 

(18) TWLQZ 
oe (19) TWHOX 


Q CLLLLLLLLLLLLLLLL LLLLLLLLLLL Lp 


NOTE: 
1. In this mode, E rises after W. The address must remain stable whenever both E and W are low. 
FIGURE 3. WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE) 
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Timing Waveforms (continued) 


(8) TAVEL 


<< (1) TAVAX 


(10) TAVEH 
(14) TELEH 


(9) TEHAX 


LLLA 


W LLM 
0 LLMLLLLLLLLLLO KIRILL 


Q LLL 


(18) TWLQZ 


NOTE: 


LiL 


(21) TEHQZ 


1. In this mode, W rises after E. If W falls before E by a time exceeding TWLQZ (Max) TELQX (Min), and rises after E by a time exceeding 
TEHQZ (Max) TWHQZ (Min), then Q will remain in the high impedance state throughout the cycle. 


FIGURE 4. WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are guaran- 
teed over temperature. The following rules ensure data 
retention: 


1. Chip Enable (E) must be held high during data retention; 
within VCC to VCC +0.3V. 


vcc 


WLLLLLLLLL 3 


E 


DATA RETENTION ———» 
MODE 


VCC 2 2.0V 


VCC -0.3V TO VCC +0.3V 


2. On RAMs which have selects or output enables (e.g., S, 
G), one of the selects or output enables should be held in 
the deselected state to keep the RAM outputs high 
impedance, minimizing power dissipation. 


3. Inputs which are to be held high (e.g., E) must be kept 
between VCC +0.3V and 70% of VCC during the power 
up and down transitions. 


4. The RAM can begin operation >55ns after VCC reaches 
the minimum operating voltage (4.5V). 


LLL LL 


FIGURE 5. DATA RETENTION TIMING 
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Test Circuit 


DUT 


- (NOTE 1) CL 


NOTE: 


HM-65262/883 


1. Test head capacitance includes stray and jig capacitance. 


Burn-in Circuits 


HM-65262/883 
CERDIP 
TOP VIEW 
F3 AO FT 20 vcc 
FA Al 8 79 Al 
- A2 Ej a Al 
- A3 a Ai1 
vasa] fa 
F8 | 6] 15) 
F9 A6 a A8& 
F2 Sta a} 
Ft Ml) ne 
GND 70 a E 
\/ 
NOTES: 


All resistors 47kQ +5%. 
FO = 100kHz +10%. 


F1=FO+2,F2=F1+2,F39=F2+2...F139=F12+2. 


VCC = 5.5V +0.5V. 
VIH = 4.5V +10%. 
VIL = -0.2V to +0.4V, 
C = 0.01pF Min. 


HM-65262/883 
CLCC 
TOP VIEW 
vcc 
wo 
bh So - 
ie ive Le ca 
O Io 
z<IZ|S |= 
“hee » - JA12 
» = 4A11 
»= 4A10 


19200 cdi: 12s 


EQUIVALENT CIRCUIT 
—_—— = oe ee es ee eee a 

A2{. 

F5 3 

A3f - 

F6 4 

A4[ - 

F7 5 

ASE - 

F8 6 

AGE - 

F9 7 

Qt: 

F2 8 

NOTES: 


All resistors 47kQ +5%. 
FO = 100kKHz +10%. 


F1=FO+2,F2=F1+2,F3=F2+2...F13=F12+2. 


VCC = 5.5V +0.5V. 
VIH = 4.5V +10%. 
VIL = -0.2V to +0.4V. 
C = 0.01pF Min. 
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F13 
F12 
F11 
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Die Characteristics 


DIE DIMENSIONS: 
148 x 187 x 19 mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA +9kA 


Metallization Mask Layout 


HM-65262/883 


GLASSIVATION: 
Type: SiOs 
Thickness: 8kA +1kA 


WORST CASE CURRENT DENSITY: 
1.2 x 10° A/cem? 


HM-65262/883 
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w HARRIS HM-65642 


8K x 8 Asynchronous 


March 1997 CMOS Static RAM 

Features Description 

e Full CMOS Design The HM-65642 is a CMOS 8192 x 8-bit Static Random 

° Six Transistor Memory Cell Access Memory. The pinout is the JEDEC 28 pin, 8-bit wide 

. standard, which allows easy memory board layouts which 
ssi sais SUD PIY CARRIE sacs ms waa tenn sign vaeyes accommodate a variety of industry standard ROM, PROM, 

¢ Low Operating Supply Current............... 20mA EPROM, EEPROM and RAMs. The HM-65642 is ideally 

e Fast Address Access Time.............0000: 150ns__ suited for use in microprocessor based systems. In particu- 

* Low Data Retention Supply Voltage............ 2.0vy _ /ar, interfacing with the Harris 80C86 and 80C88 micropro- 


cessors is simplified by the convenient output enable (G) 


e CMOS/TTL Compatible Inputs/Outputs input. 


e JEDEC Approved Pinout - 

; The HM-65642 is a full CMOS RAM which utilizes an array 
* Equal Cycle and Access Times of six transistor (6T) memory cells for the most stable and 
¢ No Clocks or Strobes Required lowest possible standby supply current over the full military 
° Gated Inputs temperature range. In addition to this, the high stability of the 
6T RAM cell provides excellent protection against soft errors 
; due to noise and alpha particles. This stability also improves 
¢ Easy Microprocessor Interfacing the radiation tolerance of the RAM over that of four transistor 
Dual Chip Enable Control or MIX-MOS (4T) devices. 


¢ No Pull-Up or Pull-Down Resistors Required 


Ordering Information 


TEMPERATURE (NOTE 1) (NOTE 1) (NOTE 1) 
RANGE 150ns/75pA 150ns/150nA 200ns/250uA 
CERO SCRE SCR (= CT 
JAN ‘BRCI0 105°C __ | 2O20EBXA ee 2 


NOTE: 
1. Access Time/Data Retention Supply Current. 


Pinout 


HM-65642 (CERDIP) 


> 
a 
O 
= 
uu 
TOP VIEW s 
” 
O 
= 
O 


(ew Besenprion 
ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3005.1 
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Functional Diagram 


AQ >: 
A8 
A12 
A7 
AG 
AS 
A4 
A3 


256 


256 x 256 
MEMORY ARRAY 


ADDRESS BUFFERS 
ROW 
DECODER 


A2 


Al 
AO 


A10 


COLUMN SELECT 
(8 OF 256) 


COLUMN 
ADDRESS BUFFERS 


All 


=| 


7) 


E2 


a a 

acceee 
mere [ve | vw | vm | 
a 
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Absolute Maximum Ratings Thermal Information 

SOY VONOOS 0002646508 96 be CNT ks dT Ate cde ee eee ne 4d +7.0V Thermal Resistance (Typical) ByA GNC 

Input or Output Voltage Applied for All Grades....... GND -0.3V to CERDIP PA@CKAGS «.cscvescaweasus 45°C/W 8°C/W 
Vcc +0.3V. Maximum Storage Temperature Range ......... -65°C to +150°C 

Typical Derating Factor............ 5mA/MHz Increase in|ICCOP Maximum Junction Temperature...................00- +175°C 

Ba CIGSRCSI ceive beste sede ns eu nde eee GE 7h 14s Class 1 Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Gale COUN cuss uvavanverenauscerencveneweadn 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................... *4.5V1045.5V Input LOW VONAGE 144 ccc civees cee neennaes wees -0.3V to +0.8V 
Operating Temperature Range Input High VOHEGE...casccecccbosenenawun +2.2V to Voc +0.3V 
PINGS 4544) 64s oad base emeswyess bane -40°C to +85°C 


DC Electrical Specifications Vcc = 5V 10%; Ta = -40°C to +85°C (HM-65642-9) 


LIMITS 
SYMBOL PARAMETER | MIN| | MAX | UNITS TEST CONDITIONS 


ICCSB1 ‘| Standby Supply Current (CMOS) psf 2500 TWA E2 = GND, Vcc = 5.5V 
ICCSB2_ | Standby Supply Current (TTL) a a E2 = 0.8V or El = 2.2V, Voc = 5.5V 
ICCDR Data Retention Supply Current E2 = GND, Voc = 2.0V 

mA 


ICCEN Enabled Supply Current E2 = 2.2V, E1 = 0.8V, Voc = 5.5V, 
10 =OmA 
ICCOP Operating Supply Current (Note 1) ee 


f = 1MHz, E1 = 0.8V, E2=2.2V, 
Voc = 5.5V, I1|O = OMA 


Input Leakage Current 


NOZ Input/Output Leakage Current 


Capacitance T, = +25°C 
SYMBOL 


Input Capacitance (Note 2) f = 1MHz, All measurements are 


CMOS MEMORY 


f dt ND 


NOTES: 
1. Typical derating 5mA/MHz increase in |CCOP. 
2. Tested at initial design and after major design changes. 
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AC Electrical Specifications Voc = 5V +10%; Ta = -40°C to +85°C (HM-65642-9) 


LIMITS nae 
SYMBOL PARAMETER | MIN: | MAX | UNITS CONDITIONS 


READ CYCLE 


a 
[itavarTrescyseting Te 
Tartar [Resresaccorstine || Lm a 
TS TeNGy[orpenavemecowtine TT | |e | ame 
[TeRHGy[Crpsrabencometine | | | me | vm | an 
(5) TGLQV Output Enable Access Time L ? | (Notes 1, 3) 
TEWGX | ohpenavevaiswoOupwon TT CLO ats 
[A TERHOK[Crperabevaicooumaon | ee | ras 29) 
ees 23 
masz 9) 
[io TeaLaz—[Crpenabenervaiawoupnor [2 ots 
as 29) 
E ras 


WRITE CYCLE 
(13) TAVAX 
(14) TWLWH 
(15) TE1LE1H 
(16) TE2HE2L 
(17) TAVWL 
(18) TAVEIL 
(19) TAVE2H 
(20) TWHAX 
(21) TE1HAX 
(22) TE2LAX 


oO 


Write Cycle Time . 
Write Pulse Width 

Chip Enable to End of Write 
Chip Enable to End of Write 


Address Setup Time 
Address Setup Time 
Address Setup Time 
Write Recovery Time 10 
Write Recovery Time EI 1 
Write Recovery Time 1 
(23) TDVWH Data Setup Time 
(24) TDVE1H Data Setup Time E1 
(25) TDVE2L Data Setup Time 
(26) TWHDX Data Hold Time 5 
(27) TE1HDX Data Hold Time Ef 1 
(28) TE2LDX Data Hold Time 1 


(29) TWLQZ Write Enable Low to Output Off 
(30) TWHQX Write Enable High to Output On 


NOTES: 


1. Input pulse levels: OV to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 
1 TTL gate equivalent, C_ = 50pF (min) - for C, greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Voc = 4.5V and 5.5V. 


(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 
(Notes 1, 3) 


m 
=k 


(Notes 2, 3) 


(Notes 2, 3) 
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Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 
mind. Data Retention voltage and supply current are guaran- 
teed over the operating temperature range. The following 
rules ensure data retention: 


1. The RAM must be kept disabled during data retention. This is ac- 
complished by holding the E2 pin between -0.3V and GND. 

2. During power-up and power-down transitions, E2 must be held 
between -0.3V and 10% of Vcc. 

3. The RAM can begin operating one TAVAX after Voc reaches the 
minimum operating voltage of 4.5V. 


—<—_—_—————_ DATA RETENTION MODE 


Voc 


Ce ee et ee ee 


Vin 
E2 
VCCOR 


YUA 


GND 


FIGURE 1. DATA RETENTION 


Read Cycles 


TAVAX (1) 


CCM 


X 


a XK __sooness) ___¥X—ononesss + 
TAXQX (12) 
0 000 ¢ T9000 
FIGURE 2. READ CYCLE |: W, E2 HIGH; G, Ei LOW 
TAVAX (1) 
» xX 
TAVQV (2) 
 77Dx WILL 
TE1LQV (3) TE1HQZ (9) 
TE1LQxX (6) 
TE2HQV (4) 
TE2HQxX (7) 


CLD 
<— TaLav (5) }—_» 


TGLQX (8) 


WLLLLLLLL LL 


5 


FIGURE 3. READ CYCLE Il: W HIGH 
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Write Cycles 
TAVAX (13) 
WAN, W/\/ 
6,0) 
TAVWL (17) 
TWLWH (14) TWHAX (20) 


sR |... gm 
| 


c2 LR CLKLILLLL LL 


TWHQX (30) 
TDVWH (23) TWHDxX (26) 
D eee. 
0 XO KN XXX 
FIGURE 4. WRITE CYCLE |: LATE WRITE 
TAVAX (13) 

A XM aX 

© QD VLLILLLLL Le 
r _ 


UL CLLLLLLL LLL La 


TE1HDX (27) 
TDVE1H (24) 


p ee 
FIGURE 5. WRITE CYCLE Il: EARLY WRITE - CONTROLLED BY E1 


TAVAX (13) 


BOK 
/\/N /\Z\ 


Wi 77 TAVE2H (19) TE2LAX (22) V4f// 
« ZD Po [ZZ 
 eehaiadoie apenas ae 


E2 


TE2LDX (28) 
TDVE2L (25) 
D 


FIGURE 6. WRITE CYCLE Ill: EARLY WRITE - CONTROLLED BY E2 
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Typical Performance Curve 


((wt)P71) 507 


Ta (°C) 


FIGURE 7. TYPICAL ICCDR vs Ta 


Jo AYOWAW SOWD 
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SEMICONDUCTOR 


HM-65642/883 


8K x 8 Asynchronous 
CMOS Static RAM 


Ht 


March 1997 


Features 


This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

Full CMOS Design 

Six Transistor Memory Cell 


Description 


The HM-65642/883 is a CMOS 8192 x 8-bit Static Random 
Access Memory. The pinout is the JEDEC 28 pin, 8-bit wide 
standard, which allows easy memory board layouts which 
accommodate a variety of industry standard ROM, PROM, 
EPROM, EEPROM and RAMs. The HM-65642/883 is ideally 
suited for use in microprocessor based systems. In particu- 


+ Low Standby Supply Current ..............+. 100LA lar, interfacing with the Harris 80C86 and 80C88 micropro- 
+ Low Operating Supply Current............... 20mA cessors is simplified by the convenient output enable (G) 
e Fast Address Access Time.................. 150ns input. 


Low Data Retention Supply Voltage............ 
CMOS/TTL Compatible Inputs/Outputs 

JEDEC Approved Pinout 

Equal Cycle and Access Times 

No Clocks or Strobes Required 

Gated Inputs 

- No Pull-Up or Pull-Down Resistors Required 
Temperature Range -55°C to +125°C 

Easy Microprocessor Interfacing 

Dual Chip Enable Control 


Ordering Information 


| PACKAGE TEMPERATURE RANGE 150ns/75yA 150ns/150uA 200ns/250uA | PKG.NO. | 
CERDIP -55°C to +125°C HM1-65642B/883 | HM1-65642/883 HM1-65642C/883 ~—=«s<t:' F286 
CLCC -55°C to +125°C HM4-65642B/883 ‘| HM4-65642/883 Fe J32.A 


The HM-65642/883 is a full CMOS RAM which utilizes an 
array of six transistor (6T) memory cells for the most stable 
and lowest possible standby supply current over the full mili- 
tary temperature range. In addition to this, the high stability 
of the 6T RAM cell provides excellent protection against soft 
errors due to noise and alpha particles. This stability also 
improves the radiation tolerance of the RAM over that of four 
transistor or MIX-MOS (4T) devices 


Pinouts 
HM-65642/883 (CERDIP) HM4-65642/883 (CLCC) 
TOP VIEW TOP VIEW 
Nc| 1| 
ai2[2| Seu rs _ 
sal AG 
wie AS 
as[5] A4 
aa[é a 
A3 re 
a2[e At 
Ai] 9) Et AO 
Ao[10 Nc [12 
DQo|} 11) Dao 
pat 
DQ2}13 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


GND] 14} 


3004.1 


File Number 


6-220 


HM-65642/883 


Absolute Maximum Ratings Thermal Information 
SU VORGG 6 asc nasd oo Cee eeh 4 ae eR Hk ewe ESI e oT Se +7.0V. Thermal Resistance (Typical) BJA ByC 
Input or Output Voltage Applied for all Grades... .... GND -0.3V to CERDIP Package ................ 45°C/W 8°C/W 
VCC +0.3V CLCC Package .................. 55°C/W 10°C/w 
Typical Derating Factor............ 5mA/MHz Increase in|ICCOP Maximum Storage Temperature Range ......... -65°C to +150°C 
BS CISSSICAION occa xeevisen tone tue ons sede ee eS Class 1 Maximum Junction Temperature..................005. +175°C 
Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Cale Count csvcivgesvdwaneneesauniwnevaders 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................... +4.5V to+5.5V = Input High Voltage....................08. +2.2V to VCC +0.3V 
Operating Temperature Range................ -55°C to+125°C Data Retention Supply Voltage...............00 cee eee 2.0V 
iD LOW VONAOG. cccsccncoseanveanswavsowesn -0.3V to+0.8V Input Rise and Fall Time.................. 2c eee eee 40ns Max. 


TABLE 1. HM-65642/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
(NOTE 1) GROUP A 


CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX” UNITS 


VCC = 4.5V, 10 = 4.0mA es 55°C < Ty < +125°C 
High Impedance HM-65642B/883, HM-65642/883 1,2, 3 -55°C < Ta s+ 25°C 
Output Leakage VCC =5§.5V,G=2.2V, 
Current ViI/O = GND or VCC 


HM-65642C/883 -55°C < Ta $ +125°C 
VCC = 5.5V, G = 2.2V, 
VI/O = GND or VCC 


Input Leakage HM-65642B/883, HM-65642/883 -55°C < Ty $ +125°C 
Current VCC = 5.5V, VI = GND or VCC 
HM-65642C/883 Lo -55°C < Ty < +125°C 


Device Guaranteed and 100% Tested 


VCC = 5.5V, VI = GND or VCC 


1,2,3 
1.2.9 
1,2,2 
1,2,3 
Standby Supply ICCSB1_ | HM-65642B/883 1,2,3 -55°C < Ta < +125°C 
Current VCC = 5.5V, E1 = VCC -0.3V or 
E2 = GND +0.3V 
HM-65642/883 1,2,3 -55°C < Tas +125°C 
VCC = 5.5V, E1 = VCC -0.3V or 
E2 = GND +0.3V 
1,2,3 
1,2,3 
123 
14a, 


Standby Supply ICCSB_ | VCC =5.5V, |O=0mA, E1 =2.2Vor -55°C < Ta 5 +125°C 
Current E2=0.8V 
ICCEN | VCC =5.5V, 1O = OmA, E71 =0.8V, -55°C < Ta $ +125°C 
E2=2.2V 
-55°C < Ta $+125°C 


HM-65642C/883 -55°C < Ta $ +125°C 
VCC = 5.5V, E1 = VCC -0.3V or 
E2 = GND +0.3V 


Operating Supply ICCOP’ | VCC =5.5V, G =5.5V, (Note 2), 
Current f = 1MHz, E71 = 0.8V, E2 = 2.2V 
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TABLE 1. HM-65642/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 
Device Guaranteed and 100% Tested 
(NOTE 1) GROUP A 


LIMITS 

PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN: | MAX | UNITS 
Data Retention ICCDR_ | HM-65642B/883 1,2,3 -55°C < Ta $ +125°C 
Supply Current VCC = 2.0V, E1 = VCC -0.3V or 

E2 = GND 4+0.3V 
HM-65642/883 1,2,3 -55°C < Tas +125°C 
VCC = 2.0V, E71 = VCC -0.3V or 
E2 = GND +0.3V 

1,2,3 


-55°C < Ta $ +125°C 


HM-65642C/883 

VCC = 2.0V, Et = VCC -0.3V or 

E2 = GND +0.3V 

Functional Test VCC = 4.5V (Note 3) 7,8A,8B | -55°C<Ty<+125°C Pe Tey 2 


NOTES: 
1. All voltages referenced to device GND. 
2. Typical derating 5mA/MHz increase in ICCOP. 
3. Tested as follows: f = 2MHz, VIH = 2.4V, VIL = 0.4V, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


TABLE 2. HM-65642/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
| HM- HM- 
GROUP A 65642B/883 | 65642/883 | 65642C/883 
(NOTES 1, 2) SUB- 

PARAMETERS | SYMBOL | CONDITIONS | GROUPS | TEMPERATURE | MAX 
ReadMWrite/ TAVAX | VCC=4.5Vand | 9,10,11 | -55°C <Ta<+125°C 
Cycle Time 5.5V 
Address Access TAVQV | VCC=4.5Vand | 9,10,11 | -55°C <Ta<+125°C 
Time 5.5V 
Output Enable TGLQV | VCC=4.5Vand | 9,10,11 | -55°C<Ta<+125°C 70 
Access Time 5.5V 
Chip Enable TEILQV | VCC =4.5Vand | 9,10,11 | -55°C < Ta <+125°C 
Access Time TE2HQV | 5.5V 


Write Recovery VCC =4.5Vand | 9,10,11 | -55°C<Ta<+125°C J 10 
Time 5.5V 


Chip Enable to TE1LE1H | VCC =4.5Vand | 9, 10,11 | -55°C<Ta<+125°C 
End-of-Write TE2HE2L | 5.5V 


Address Setup TAVWL_ | VCC = 4.5V and -55°C < Ta S$ +125°C 
Time TAVE1L | 5.5V 
TAVE2H 
Write Enable TWLWH | VCC =4.5Vand | 9, 10,11 | -55°C < Ta <+125°C 
Pulse Width 5.5V 


Data Setup Time VCC =4.5V and | 9,10,11 | -55°C < Ty <+125°C 
5.5V 


= 
= 


a _ 
oa 


-_< 
a1 
oO 


~ _ 
ny 
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TABLE 2. HM-65642/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 
GROUP A 
(NOTES 1, 2) SUB- 


LIMITS 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE 


Data Hold Time TWHDX_ | VCC = 4.5V and 55°C < Ta $ +125°C 
5.5V 
TE1HDX | VCC =4.5Vand | 9,10,11 | -55°C < Ta <+125°C 
5.5V 
TE2LDX | VCC =4.5Vand | 9,10,11 | -55°C<Ta<+125°C 
5.5V 
NOTES: 


1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL equivalent 
load and CL > 50pF, for CL > 50pF, access times are derated 0.15ns/pF. 


_ 


— 
oO io) 


il 


TABLE 3. HM-65642/883 ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 


Output High Voltage VOH2 VCC = 4.5V, 1O = -100nA 
CIN 


~55°C < Ta $ +125°C J VCC -0.4 
Input Capacitahce 
Ci/O 


VCC = Open, f = 1MHz, All 1,2 Ta = +25°C 
1,3 Ta = +25°C _ 
Write Enable to Output in High Z | TWLOQZ | VCC = 4.5V and 5.5V 
Write Enable High to Output ON TWHQX | VCC = 4.5V and 5.5V < 


1,2 Ta = +25°C 
Chip Enable to Output ON TE1LQX | VCC =4.5V and 5.5V 
TE2HQX 


1,3 Ta = +25°C -_ 

55°C < Ta $ +125°C | = | 

Output Enable to Output ON TGLOX | VCC = 4.5V and5.5V < p 8 | 
Chip Enable to Output in High Z | TE1HQZ | VCC =4.5V and 5.5V < t= 


NOTES 


V 
pF 


Measurements Refer- 


enced to Device Ground 


VCC = Open, f = 1MHz, All 
Measurements Refer- 
enced to Device Ground 


VCC = Open, f = 1MHz, All 
Measurements Refer- 
enced to Device Ground 


/O Capacitance 


VCC = 4.5V, VI/O = GND 
or VCC, All Measurements 
Referenced to Device 

Ground 


-55°C < Ta $ +125°C 


-55°C < Ta $ +125°C 


1 < 
1 < 
-55°C < Ty $ +125°C 
1 ° | -55°C < Ty <+125°C 
55°C < Ta $ +125°C 


-55°C < Ta $ +125°C 


-55°C < Ty $ +125°C 


TE2LQZ 
Output Disable to Output in High Z | TGHQZ | VCC = 4.5V and 5.5V 


= 4. ‘ 1 
Output Hold from Address TAXQX_ | VCC = 4.5V and 5.5V 1 
Change 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. For design purposes CIN = 6pF typical and Cl/O = 7pF typical. 
3. Applies ta LCC device types only. For design purposes CIN = 4pF typical and Cl/O = 5pF typical. 


co 
— 
= 
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TABLE 4. APPLICABLE SUBGROUPS 
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Low Voltage Data Retention 1. The RAM must be kept disabled during data retention. This is ac- 
complished by holding the E2 pin between -0.3V and GND. 


Harris CMOS RAMs are designed with battery backup in 2. During power-up and power-down transitions, E2 must be held 
mind. Data Retention voltage and supply current are guaran- between -0.3V and 10% of VCC. 
teed over the operating temperature range. The following 


; 3. The RAM can begin operating one TAVAX after VCC reaches the 
rules ensure data retention: 


minimum operating voltage of 4.5V. 


—<_——__ DATA RETENTION MODE 
vcc 


45V ----------“----------------------f----------- 
VIH 


TAVAX YY 
E2 


GND 


FIGURE 1. DATA RETENTION 


Read Cycles 


XX XX ____-ADDRESS2——) 
X> k ADDRESS 1 KX ADDRESS 2 


OK PATA 


FIGURE 2. READ CYCLE |: W, E2 HIGH; G, Ei LOW 


VYVY VVYVVYVYVY 
XK DATA 


> 
O 
= 
TAVAX = 
aX x 3 
TAVQV O 
et 2D LLL 
E2 S/H - LLLLLLLLLLe 


C LLL WLLLLLLL LLL 


OE Gas 
TGLOX a 
SY 


XXX 


FIGURE 3. READ CYCLE II: W HIGH 
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Write Cycles 
TAVAX 
/V NAY, 
a Xe 
W — 


Ee DES 
i rte 


p el 


TWLQZ 
a OO XXX 


FIGURE 4. WRITE CYCLE |: LATE WRITE 


TAVAX 


TAVE1L TE1LE1H 


n// 7» WLLLLeL LL 
e _ 


2 A] LKLILILIL”@@lla 


TDVE1H TE1HDX 
D 


FIGURE 5. WRITE CYCLE II: EARLY WRITE - CONTROLLED BY E1 


TAVAX 


TE2HE2L 


W OY VLLLLL LLL 


7 nn 77 
patentee 


E2 


TDVE2L TE2LDX 
D 


FIGURE 6. WRITE CYCLE Ill: EARLY WRITE - CONTROLLED BY E2 
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Test Circuit 


HM-65642/883 


! 
i 
i 
i 
i 
i 
DUT i 
; i 
(NOTE 1)CL 7y | 
i fi 
I i 
1 : 
(+) IL ; 
i 1 
1 1 
1 i 
1 ' 
EQUIVALENT CIRCUIT 
NOTE: 
1. Test head capacitance. 
Burn-in Circuits 
HM-65642/883 HM-65642/883 
CERDIP CLCC 
TOP VIEW TOP VIEW 


NC ga Fy vcc 
-_ A12 Bi W 
Bie AT is 26 E2 
re Wwe ane 
“ A4 = a Alt 
m A3 s = G 
‘ A2 2 A10 
‘ Al = a EI 
“ AO O 2 DQ7 
™ DQo a om DQ6 
. pai a m DQ5 
= DQ2 2 DQ4 
me GND @ oD DQ3 

14) 15) 
NOTES: 


FO = 100kHz +10%. 

All resistors 47kQ +5%. 
C = 0.01pF Min. 

VCC = 5.5V +£0.5V. 

VIH = 4.5V +10%. 

VIL = -0.2V to +0.4V. 


F9 
F8 = 
i A4 
F6 = 
F5 Re 
F4 S 
F3 = 
NC 
3 pao 
144i 451 1168 1171 1181 119) 1208 
x & V ff & 
NOTES: 
FO = 100kHz +10%. 
C = 0.01pF Min. 


VCC = 5.5V +0.5V. 
VIH = 4.5V +10%. 
VIL = -0.2V to +0.4V. 
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Die Characteristics 


DIE DIMENSIONS: 
274.0 x 302.8 x 19 +1mils 


METALLIZATION: 
Type: Si - Al 
Thickness: 11kA +9kA 


Metallization Mask Layout 


DQO0 DQ1 DQ2 


HM-65642/883 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA +1kA 

WORST CASE CURRENT DENSITY: 
0.9 x 10° A/cm? 


HM-65642/883 


A10 
EF 
DQ7 


DQ4 DQ5 DQ6 
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wD An HM-6642 


March 1997 512 x 8 CMOS PROM 


Features Description 


e Low Power Standby and Operating Power The HM-6642 is a 512 x 8 CMOS NiCr fusible link 
Programmable Read Only Memory in the popular 24 pin, 
byte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 


industry Standard Pinout On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
multiplexed address/data bus structures, such as the 8085. 
CMOS/TTL Compatible Inputs The output enable controls, both active low and active high, 
further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
Synchronous Operation enable control. The data output latches allow the use of the 
HM-6642 in high speed pipelined architecture systems, and 
also in synchronous logic replacement functions. 


Single 5.0V Supply 
Field Programmable 


On-Chip Address Latches 


Separate Output Enable Applications for the HM-6642 CMOS PROM include low 
power handheld microprocessor based instrumentation and 
communications systems, remote data acquisition and 
processing systems, processor control store, and synchro- 
nous logic replacement. 


All bits are manufactured storing a logical “O” and can be 
selectively programmed for a logical “1” at any bit location. 


Ordering Information 


[(PREKAGE[YENPERATURERANGE [20m atne «CPR. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 301 2 1 
Copyright © Harris Corporation 1997 6-229 
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Pinouts 
HM-6642 (SBDIP) HM-6642 (CLCC) 
TOP VIEW TOP VIEW PIN DESCRIPTION 


x eesearion 

a 

CI i 
Power (+5V) 


NOTE: P should be hardwired to GND 
except during programming. 


r= r= 


1412! 1130191 


Functional Diagram 
AB 
AT : 7 
LATCHED ATED 
fe ADDRESS ROW baa 
ye REGISTER DECODER ALL LINES POSITIVE LOGIC - ACTIVE HIGH 
ri THREE STATE BUFFERS: 


AHIGH —* OUTPUT ACTIVE 


DATA LATCHES: 
8 LHIGH —*. Q=D 
Q LATCHES ON RISING EDGE OF E 


A2 LATCHED ADDRESS LATCHES AND GATED DECODERS: 
Al ADDRESS ee GATED COLUMN LATCH ON FALLING EDGE OF E 
AO REGISTER DECODER E 


GATE ON FALLING EDGE OF E 


P SHOULD BE HARDWIRED TO GND EXCEPT 
(fsseeeen DURING PROGRAMMING 


8-BIT DATA | BBITDATALATCH 


dade eas 


G3 Qo Os «QQ Q2 Q3 Q4 Q5 Q6 Q7 


\V 
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Programming 
Introduction 


The HM-6642 is a 512 word by 8-bit field Programmable 
Read Only Memory utilizing nicrome fusible links as pro- 
grammable memory elements. Selected memory locations 
are permanently changed from their manufactured state, of 
all low (Vo,) to a logical high (Voy), by the controlled 
application of programming potentials and pulses. Careful 
adherence to the following programming specifications will 
result in high programming yield. Both high Vcc (6.0V) and 
low Vcc (4.0V) verify cycles are specified to assure the 
integrity of the programmed fuse. This programming 
specification, although complete, does not preclude rapid 
programming. The worst case programming time required is 
37.4 seconds, and typical programming time can be 
approximately 4 seconds per device. 


The chip (E) and output enable (G) are used during the 
programming procedure. On PROMs which have more than 
one output enable control G3 is to be used. The other output 
enables must be held in the active, or enabled, state 
throughout the entire programming sequence. The program- 
mer designer is advised that all pins of the programmer's 
socket should be at ground potential when the PROM is 
inserted into the socket. Vcc must be applied to the PROM 
before any input or output pin is allowed to rise (See Note). 


Overall Programming Procedure 


1. The address of the first bit to be programmed is 
presented, and latched by the chip enable (E) falling 
edge. The output is disabled by taking the output enable 
G Low: The programming pin is enabled by taking (P) 
high. 

2. Voc is raised to the programming voltage level, 12.5V. 


3. All data output pins are pulled up to Voc program. Then 
the data output pin corresponding to the bit to be 
programmed is pulled low for 100ms. Only one bit should 
be programmed at a time. 

4. The data output pin is returned to Voc, and the Vcc pin 
is returned to 6.0V. 

5. The address of the bit is again presented, and latched by 
a second chip enable falling edge. 

6. The data outputs are enabled, and read, to verify that the 
bit was successfully programmed. 

a). If verified, the next bit to be programmed is addressed 
and programmed. 

b). If not verified, the programs verify sequence is 
repeated up to 8 times total. 

7. Afterall bits to be programmed have been verified at 6.0V, 
the Vcc is lowered to 4.0V and all bits are verified. 

a). If all bits verify, the device is properly programmed. 


b). If any bit fails to verify, the device is rejected. 


Programming System Requirements 


1. The power supply for the device to be programmed must 
be able to be set to three voltages: 4.0V, 6.0V, 12.5V. This 
supply must be able to supply 500mA average, and 1A 
dynamic, currents to the PROM during programming. The 
power supply rise fall times when switching between volt- 
ages must be no quicker than 1ms. 


2. The address drivers must be able to supply a Vj} of 4.0V 
and 6.0V and Vi; when the system is at programming 
voltages. (See Note) 


3. The control input buffers must be able to maintain input 
voltage levels of = 70% and < 20% Vcc for Vjy and Vi, 
levels, respectively. Notice that chip enable (E) and G 
does not require a pull up to programming voltage levels. 
The program control (P) must switch from ground to VIH 
and from Vj} to the Vcc PGM level. (See Note) 


4. The data input buffers must be able to sink up to 3mA 
from the PROM’s output pins without rising more than 
0.7V above ground, be able to hold the other outputs high 
with a current source capability of 0.5mA to 2.0mA, and 
not interfere with the reading and verifying of the data 
output of the PROM. Notice that a bit to be programmed 
is changed from a low state (Vo ,_) to high (Voy) by pulling 
low on the output pin. A suggested implementation is 
open collector TTL buffers (or inverters) with 4.7kQ pull 
up resistors to Voc. (See Note) 

NOTE: Never allow any input or output pin to rise more than 0.3V 
above Vcc, or fall more than 0.3V below ground. 
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Background Information HM-6642 Programming 


PROGRAMMING SPECIFICATIONS 


LIMITS 
SYMBOL PARAMETER 


[—vecenos [Pavawmnavce——SSCSC~ Ceo? | es 
[_veewfommaevoo CTs | ss fs 
a a 
a a a 
PROM INPUT PINS 

[vou [oamatonvetpe omc «a 
a 
0 [oamasoucecrentaivors on 
PROM DATA OUTPUT PINS 

a 
a 


IOL 
lIOH Output Source Current (At VOH) 


20% VCC 


oO 


Delay Time 


oO 


Rise Time 


nv 


Fall Time 
TEHEL Chip Enable Pulse Width 


TAVEL Address Valid to Chip Enable Low Time 


TELQV Chip Enable Low to Output Valid Time 


Programming Pulse Width 100 


+1.0 


Input Leakage at VCC = VCC PROG 


= 


A 


mA 

A 
as 
a 
a 


' =k 
_ P 
oO 


Ambient Temperature 
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Vec 


Vec 


VCC PROG 
VIH 
VIL 


VIH 
VIL 


Vcc PROG 
VIH 
VIL 
Voc PROG 
VIH 
VIL 


Voc PROG 
vcc 
GND 


Voc PROG 
VIH/VOH 
VIL/VOL 


VIH 


HM-6642 


PROGRAMMING ——————__—_ ae —_____—_- VERIFY ————__> 


VALID 


Saeneaaeaneaee & 
tPW tD 
READ DATA | 


READ DATA 


FIGURE 1. HM-6642 PROGRAMMING CYCLE 


ee VALID 


VIH 
VIL 


6.0V 
5.0V 
4.0V 


0.0V 


VOH 


TEHEL TEHEL 


TEHEL tD 


TELQV TELQV 


\ READ CSE READ 
VOL | READ 


FIGURE 2. HM-6642 POST PROGRAMMING VERIFY CYCLE 
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Absolute Maximum Ratings 


SUPDIY VONRGO ci cccrenssakie te sddend sai wwarves scuwwe +7.0V 
Input, Output or I/O Voltage ........... GND -0.3V to Vcc +0.3V 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP 
Bae USSG 2 csucceenndwartewnin se cenw ese eeees Class 1 


Operating Conditions 


Operating Voltage Range..................2.. +4.5V to +5.5V 
Operating Temperature Range 
HM-6642B-9, HM-6642-9...............000- -40°C to +85°C 


Thermal Information 


Thermal Resistance ByA BJC 
SBDIP Package...............0.% 52°C/w 14°C/W 
SU BAO 262% eaznewae eeae ane ws 70°C/W 19°C/W 
CLCC Package .............0005- 58°C/W 14°C/W 

Maximum Storage Temperature Range ......... -65°C to +150°C 

Maximum Junction Temperature.................0000- +175°C 

Maximum Lead Temperature (Soldering 10s)+300°C 

Die Characteristics 

MG UGIE peer ic on cdaeade ntsc ntenndsemise cus 1680 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications 


Voc = SV + 10%; Ta = -40°C to +85°C (HM-6642B-9, HM-6642-9) 


| LIMITS 
SYMBOL PARAMETER | MIN: | MAX — UNITS 


TEST CONDITIONS 


ICCSB__| Standby Supply Current ee eo IO = 0, VI = VCC or GND, VCC = 5.5V 
ICCOP_ | Operating Supply Current (Note 3) F=f 20 | oma f = 1MHz, IO = 0, VI = VCC or GND, VCC = 5.5V 


GND < VI s VCC, VCC = 5.5V 


Input Leakage Current 


Input Low Voltage 


Output Low Voltage 
VOH1 Output High Voltage 
VOH2 Output High Voltage (Note 2) VCC - 1.0 


AC Electrical Specifications 


LIMITS 
HM-6642B-9 HM-6642-9 


(1) TELQV_ | Chip Enable Access Time p= | 20 Fe 


(4) TGVQX | Output Enable Time 
(5) TGXQZ_ | Output Disable Time 
(6) TELEH | Chip Enable Pulse Negative Width 


7) TELEL. Read Cycle Time 160 


(8) TEHEL | Chip Enable Pulse Positive Width 
(9) TAVEL | Address Setup Time 


. 
Output Leakage Current GND < VO < VCC, VCC = 5.5V 


Input High Voltage VCC +0.3 


A Ss , 


TEST 
CONDITIONS 


Notes 1, 4 


Notes 1, 4 


UNITS 


140 


—_ 


5 


Notes 1, 4 


J 


0 
0 
0 


5 
5 


at 
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Capacitance Ty, = +25°C 


LIMITS 
SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 


Cl Input Capacitance (Note 2) pF f = 1MHz, All Measurements Reference Device 
a | be acd re 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent C_ = 50pF (min) - for C_ greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Typical derating 5mA/MHz increase in ICCOP. 
4. Vcc = 4.5V and 5.5V. 


Switching Waveform 


(2) 
TAVQV 


(9) 
TELAX TAVEL (9) 


VU Cy UM 


(8) 


<— TEHEL _» Lot TEHEL (8) 
E 
—<—— TELQV — > 
(1) 
G 
a —) 4) = TGXQZ (5) 
(5) TGVQV —»> 
@ (3) 
(NOTE) 
TIME 
REFERENCE 


-1 0 1 2 3 456 


NOTE: G has the same timing as G except signal is inverted. 
FIGURE 3. READ CYCLE 


> 
oc 
O 
= 
Lu 
= 
n 
O 
= 
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Test Load Circuit 


DUT © 


CL 
(NOTE) 


NOTE: 
TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY 
AND JIGCAPACITANCE = *------------------------ 4 


So 
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SEMICONDUCTOR 


HM-6617 


2K x 8 CMOS PROM 


March 1997 


Features 


e Low Power Standby and Operating Power 


Industry Standard Pinout 
Single 5.0V Supply 
CMOS/TTL Compatible Inputs 
High Output Drive 
Synchronous Operation 
On-Chip Address Latches 
Separate Output Enable 


12 LSTTL Loads 


Ordering Information 


SBDIP -40°C to +85°C | HM1- HM1- D24.6 
6617B-9 6617-9 
SMD# -55°C to +125°C | 5962- 5962- D24.6 
8954002JA |8954001JA 
-40°C to +85°C | HM6- HM6- D24.3 
6617B-9 6617-9 


-55°C to +125°C | 5962- 5962- D24.3 
8954002LA |8954001LA 
cLOoC -40°C to +85°C | HM4- HM4- J32.A 
6617B-9 6617-9 
SMD# -55°C to +125°C | 5962- 5962- J32.A 
8954002XA 18954001XA 


Pinouts 
HM-6617 (SBDIP) 


TOP VIEW TOP VIEW 


Description 


The HM-6617 is a 16,384 bit fuse link CMOS PROM in a 2K 
word by 8-bit/word format with “Three-State” outputs. This 
PROM is available in the standard 0.600 inch wide 24 pin 
SBDIP, the 0.300 inch wide slimline SBDIP, and the JEDEC 
standard 32 pad CLCC. 


The HM-6617 utilizes a synchronous design technique. This 
includes on-chip address latches and a separate output 
enable control which makes this device ideal for applications 
utilizing recent generation microprocessors. This design 
technique, combined with the Harris advanced self-aligned 
silicon gate CMOS process technology offers ultra-low 
standby current. Low ICCSB is ideal for battery applications 
or other systems with low power requirements. 


The Harris NiCr fuse link technology is utilized on this and 
other Harris CMOS PROMs. This gives the user a PROM 
with permanent, stable storage characteristics over the full 
industrial and military temperature voltage ranges. NiCr fuse 
technology combined with the low power characteristics of 
CMOS provides an excellent alternative to standard bipolar 
PROMs or NMOS EPROMs. 


All bits are manufactured storing a logical “O” and can be 
selectively programmed for a logical “1” at any bit location. 


HM-6617 (CLCC) 


PIN DESCRIPTION 


DESCRIPTION 


eet — 
a 
Co 


NOTE: P should be hardwired to Voc 
except during programming. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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File Number 


HM-6617 


Functional Diagram 
MSB 

A10 

ali LATCHED 7 GATED 

fall ADDRESS ROW 128 x 128 
ae a REGISTER DECODER MATRIX 
AS 

A4 


LSB 
AAAS 16 


GATED COLUMN 
DECODER AND DATA 
OUTPUT CONTROL 


LATCHED ADDRESS 
ALL LINES POSITIVE LOGIC: ACTIVE HIGH REGISTER 
THREE-STATE BUFFERS: 


AHIGH —» OUTPUT ACTIVE MSB LSB 
ADDRESS LATCHES AND GATED DECODERS: A3 A2 Ai AO 


LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF G 


YN 
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Background Information Programming 
Algorithm 


The HM-6617 CMOS PROM is manufactured with all bits 
containing a logical zero (output low). Any bit can be pro- 
grammed selectively to a logical one (output high) state by 
following the procedure shown below. To accomplish this, a 
programmer can be built that meets the specifications 
shown, or any of the approved commercial programmers can 
be used. 


Programming Sequence Of Events 
1. Apply a voltage of Voc, to Voc of the PROM. 


2. Read all fuse locations to verify that the PROM is blank 
(output low). 


3. Place the PROM in the initial state for programming: E = 


ViH> P= Vin: G= VIL: 
4. Apply the correct binary address for the word to be pro- 
grammed. No inputs should be left open circuit. 


5. After a delay of tD, apply voltage of Vj; to E (pin 18) to ac- 
cess the addressed word. 


6. The address may be held through the cycle, but must be 
held valid at least for a time equal to tD after the falling 
edge of E. None of the inputs should be allowed to float 
to an invalid logic level. 


7. After a delay of tD, disable the outputs by applying a volt- 
age of Vip to G (pin 20). 


8. After a delay of tD, apply voltage of Vy to P (pin 21). 


9. After delay of tD, raise Voc (pin 24) to VCCPROG with a 
rise time of tR. All outputs at Vip should track Voc with 
Voc -2.0V to Vcc +0.3V. This could be accomplished by 
pulling outputs at Vip to Voc through pull-up resistors of 
value Rn. 


10. After a delay of tD, pull the output which corresponds to 
the bit to be programmed to Vj. Only one bit should be 
programmed at a time. 


11. After a delay of tPW, allow the output to be pulled to Vi, 
through pull-up resistor Rn. 


12. After a delay of tD, reduce Voc (pin 24) to Voc; with a fall 
time of tF. All outputs at Vj} should track Voc with Voc 2.0V 
to Voc +0.3V. This could be accomplished by pulling out- 
puts at Vj} to Voc through pull-up resistors of value Rn. 


13. Apply a voltage of Vj to P (pin 21). 
14. After a delay of tD, apply a voltage of Vj, to G (pin 20). 


15. After a delay of tD, examine the outputs for correct data. If 
any location verifies incorrectly, repeat steps 4 through 14 
(attempting to program only those bits in the word which 
verified incorrectly) up to a maximum of eight attempts for 
a given word. If a word does not program within eight at- 
tempts, it should be considered a programming reject. 


16. Repeat steps 3 through 15 for all other bits to be pro- 
grammed in the PROM. 


Post-Programming Verification 


17. Place the PROM in the post-programming verification 


mode: E = Vin, G = Vi_, P = Vin, Voc (pin 24) = Voc. 


18. Apply the correct binary address of the word to be veri- 
fied to the PROM. 


19. After a delay of tD, apply a voltage of Vj, to E (pin 18). 


20. After a delay of tD, examine the outputs for correct data. 
If any location fails to verify correctly, the PROM should 
be considered a programming reject. 


21. Repeat steps 17 through 20 for all possible programming 
locations 


Post-Programming Read 

22. Apply a voltage of Voce = 4.0V to Vcc (pin 24). 

23. After a delay of tD, apply a voltage of Vj}, to E (pin 18). 
24. Apply the correct binary address of the word to be read. 


25. After a delay of TAVEL, apply a voltage of Vj, to E (pin 
18). 


26. After a delay of TELQV, examine the outputs for correct 
data. If any location fails to verify correctly, the PROM 
should be considered a programming reject. 


27. Repeat steps 23 through 26 for all address locations. 
28. Apply a voltage of Voce = 6.0V to Voc (pin 24). 
29. Repeat steps 23 through 26 for all address locations. 
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Programming Cycle 


PROGRAMMING ————————__—»-.+_____—_- VERIFY ————_——__» 


Vcc PROG 
A Vin 
Vit 


VALID 


VALID 


Vin 
ViL 


Voc PROG 

G Vi 
Vit 

Vcc PROG 
Vit 

ViL 


ul 


Vcc PROG 
Vec Vec 
GND 


Vcc PROG 
Q Vin/Von 
VitVoi 


tD tPw | tD 
| 
A 


FIGURE 1. HM-6617 PROGRAMMING CYCLE 


READ DATA 
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i . 1 VALID 
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FIGURE 2. HM-6617 POST PROGRAMMING VERIFY CYCLE 
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Background Information HM-6617 Programming 
Programming Specifications 


a 
a OO 


Delay Time 


ak 
oO 


= 
oO 


= 
io) 


ye) 
oO 


55 
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100 
+1.0 
-5.0 
10 


Se 
ae 
a ie 
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ae 
Le 
she 
a Ke 
a ace 


1. All inputs must track Vcc (pin 24) within these limits. 

2. VCCPROG must be capable of supplying 500mA. 

3. See Steps 22 through 29 of the Programming Algorithm. 

4. See Step 11 of the Programming Algorithm. 

5. All outputs should be pulled up to Vcc through a resistor of value Rn. 
6. Except during programming (See Programming Cycle Waveforms). 
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Absolute Maximum Ratings 
Supply Voltage (All Voltages Reference to Device GND)..... +7.0V 


Input or Output Voltage Applied for All Grades....... GND -0.3V to 

Voc +0.3V 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP 
Ea CiaSaCON oc cnc oveeres nes densaseiavaundons Class 1 


Operating Conditions 


Operating Voltage Range..................... +4.5V to +5.5V 
Operating Temperature Range: HM-6617-9, B-9 .. . -40°C to +85°C 


Thermal Information 


Thermal Resistance (Typical) BJA 8c 
SBDIP Package.................. 48°C/W 9°C/W 
SMM SBOIP se docw aan cascenendeds 65°C/W 14°C/W 
CLCC Package .................. 58°C/W 19°C/W 

Maximum Storage Temperature Range ......... -65°C to +150°C 

Maximum Junction Temperature..................0005. +175°C 

Maximum Lead Temperature (Soldering 10s)............ +300°C 


Die Characteristics 
Gate COUN «6c cece waked ced d oesb bebe esweeawesi 5473 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


DC Electrical Specifications Voc = 5V 10%; (HM-6617B-9, HM-6617-9) 


Logical Zero Input Voltage | 03 | 
VOH1 Logical One Output Voltage za 


VOH2 Logical One Output Voltage VCC-1.0 
(Note 2) 


L 
Logical Zero Output Voltage [o> 


ICCSB Standby Power Supply Current 


ICCOP Operating Power Supply Current 
(Note 3) 


AC Electrical Specifications 


(1) | TAVQV | Address Access Time L* | 
(2) | TELQV | Chip Enable Access Time ea 
(3) | TELQX | Chip Enable Time = | 


(4) | TAVEL | Address Setup Time 
(5) | TELAX |} Address Hold Time 


—_— | — 
NT] OQ 
—j] — 


® 
rena [hp rabDeateTeme 


| 


TEHEL | Chip Enable High Width 


— 


(12 


_— 


SYMBOL PARAMETER | MIN | MAX | UNITS TEST CONDITIONS 
Logical One Input Voltage VCC+0.3 Voc = 5.5V 


lOZ Output Leakage 


™ 
HM-6617B-9 
SYMBOL PARAMETER | MIN | 


4 
0 


tt 
TELEH | Chip Enable Low Width | 8 | - | 
a 


Voc = 4.5V 


Ion = -2.0MA, Voc = 4.5V 
IOH = -100HA, Voc = 4.5V 


0. lo. = +4.8mMA, Voc = 4.5V 


Vin = Voc or GND, Voc = 5.5V 
Vo = Vcc or GND, G= Voc: Vcc = 5.5V 


V 
pA 
pA 
pA Vin = Voc or GND, Voc = 5.5V, lo = 0 


f = 1MHz, Vcc = 5.5V, Io = 0,7 
Vin = Voc or GND 


HM-6617-9 


| MAX — UNITS | TEST CONDITIONS 
140 (Notes 1, 4) 
120 


) 


120 
160 
5 
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HM-6617 


Capacitance Ty, = +25°C 


SYMBOL PARAMETER | MAX | UNITS TEST CONDITIONS 
Input Capacitance (Note 2) f = 1MHz, All Measurement are Referenced to Device GND 
COUT Output Capacitance (Note 2) | 2 |r | f = 1MHz, All Measurement are Referenced to Device GND 


NOTES: 


1. Input pulse levels: 0 to 3.0V; Input rise and fall times: 5ns (max); Input and output timing reference level: 1.5V; Output load: 1 TTL gate 
equivalent C, = 50pF (min) - for C, greater than 50pF, access time is derated by 0.15ns per pF. 


2. Tested at initial design and after major design changes. 
3. Typical derating 5mA/MHz increase in ICCOP. 
4. Voc = 4.5V and 5.5V. 


Switching Waveforms 


ae TAVQV ne 


(1) 


ADDRESSES 7/ 1.5V 4 CN LLL ~ sa ~ a 


f TAVEL — TL 


ma (4) - > TELAX! <e- (5) (8) ' 
l pe TELEH 4 3.0V 
™ 7 1.5V \isv (6) # 1.5V \ 1.5V 
; f . ov 
m@— TEHEL eee TELQV ————_» ey m— TEHQZ 
(7) (2) (12) 
G —— TGLQV —el 3.0V 
1.5V (9) 15V0 | 
| | | | OV 
1 (10) TGLQX —a <—— ! 1 (11) 
| (3) | —s TGHQZ aa 
DATA TELQX ———™ l 
our SK _an : 
Q0-Q7 f 


FIGURE 3. READ CYCLE 


Test Circuit 


DUT ¢ 


L 
(NOTE) 


NOTE: 
TEST HEAD 
CAPACITANCE 


So 


FIGURE 4. TEST CIRCUIT 


6-242 


—) 


SEMICONDUCTOR 


aD 


March 1997 


Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low Power Standby and Operating Power 


Fast Access Time 

Wide Operating 

Temperature Range 

Industry Standard Pinout 
Single 5.0V Supply 
CMOS/TTL Compatible Inputs 
Field Programmable 
Synchronous Operation 
On-Chip Address Latches 
Separate Output Enable 


Ordering Information 


SBDIP | -55°C to +125°C | HM1- HM1- D24.6 
66428/883 | 6642/883 


SLIM -55°C to +125°C | HM6- HM6- D24.3 

SBDIP 6642B/883 | 6642/883 

CLec -55°C to +125°C HM4- J28.A 
6642/883 


Pinouts 


M-6642/883 (BDIP) 


TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 


HM-6642/883 


512 x 8 CMOS PROM 


Description 


The HM-6642/883 is a 512 x 8 CMOS NiCr fusible link 
Programmable Read Only Memory in the popular 24 pin, 
byte wide pinout. Synchronous circuit design techniques 
combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 


On-chip address latches are provided, allowing easy 
interfacing with recent generation microprocessors that use 
multiplexed address/data bus structures, such as the 8085. 
The output enable controls, both active low and active high, 
further simplify microprocessor system interfacing by 
allowing output data bus control independent of the chip 
enable control. The data output latches allow the use of the 
HM-6642/883 in high speed pipelined architecture systems, 
and also in synchronous logic replacement functions. 


Applications for the HM-6642/883 CMOS PROM include low 
power hand held microprocessor based instrumentation and 
communications systems, remote data acquisition and 
processing systems, processor control store, and synchro- 
nous logic replacement. 


All bits are manufactured storing a logical “O” and can be 
selectively programmed for a logical “1” at any bit location. 


HM-6642/883 (CLCC) 


PIN DESCRIPTION 


(aw | —eesenieron 
a Ca 


Power 5M 
G1, G2, G3 | Output Enable 
P (Note) Program Enable 


NOTE: P should be hardwired to GND 
except during programming. 
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HM-6642/883 


Functional Diagram 


AB 
AT 
LATCHED GATED 
se ADDRESS ROW 64 x 64 
AS REGISTER DECODER MATRIX 
A4 
A3 
A2 LATCHED 
At ADDRESS ans GATED COLUMN 
AO REGISTER DECODER 


| BBITDATALATCH BIT DATA LATCH 


a, ddaa tad 


V 


G3 Qo. Os «Ql Q2 Q3 Q4 Q5 Q6 
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ALL LINES POSITIVE LOGIC - ACTIVE HIGH 
THREE STATE BUFFERS: 
AHIGH —® OUTPUT ACTIVE 
DATA LATCHES: 
LHIGH —s Q=D 
Q LATCHES ON RISING EDGE OF E 
ADDRESS LATCHES AND GATED DECODERS: 
LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF E 
P SHOULD BE HARDWIRED TO GND EXCEPT 
DURING PROGRAMMING 


Q7 


HM-6642/883 


Absolute Maximum Ratings Thermal Information 
BUN VOIAOG «4c he eee Hdd ed dee sdeedadedeeenten +7.0V Thermal Resistance (Typical) BJA BIC 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V BOLE POUMAUG «+ s6445e%e0ws gece 52°C/w 14°C/W 
Typical Derating Factor............ 5mA/Mzz Increase in ICCOP Slim SBDIP ................0005. 70°C/W 19°C/W 
ESD Classification ...........0..cccc cece cevecenee Class 1 CLCC Package ...............05. 58°C/W 14°C/W 

. _ Maximum Storage Temperature Range ......... -65°C to +150°C 
Operating Conditions Maximum Junction Temperature..................005. +175°C 
Operating Voltage Range ..................00 cece eee eee ee +4.5V Maximum Lead Temperature (Soldering 10s)............ +300°C 
Operating Temperature Range................ -55°C to +125°C 
Input Low Voltage... 6.6... eee eee eee -0.3V to+0.8V Die Characteristics 
PEIN VONRGP sane ckurkwhk en vin basen nn dia lidheieliicnate BG COM 6 as ikaisceacs shana hoaneedsarteaenesaa 1680 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


TABLE 1. HM-6642/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
LIMITS 
TEMPERATURE | MIN, | MAX UNITS 


PARAMETER SYMBOL 


GROUP A 
SUBGROUPS 


(NOTES 1, 4) 
CONDITIONS 


High Level Output VOH VCC = 4.5V, 1,2,3 -55°C < Ta < +125°C V 
Voltage lO = -1.0mMA 
Low Level Output VOL VCC = 4.5V, 1,2,3 -55°C < Ty < +125°C V 
Voltage IO = +3.2mA 

1, 2,3 


High Impedance OZ VCC = 5.5V, G=5.5V, 
VI/O = GND or VCC 


Output Leakage 
Current 


— 
Input Leakage VCC =5.5V, VI= GND or 1,23 -55°C < Ty $ +125°C -1.0 yA 
Current VCC, P Not Tested 
Standby Supply ICCSB- | VI =VCCor GND, 2,3 55°C < Ta < +125°C pA 
Current VCC = 5.5V, |O = OmA 

1, 2,9 


Operating Supply iccop |vcc=5.5V,G=GND, 55°C < Ty < +125°C ape 


Current G = VCC, (Note 3), 


f = 1MHz,|O = OmA, 
VI = VCC or GND 


Functional Test VCC = 4.5V (Note 5) 7, 8A, 8B -55°C < Tp < +125°C Pe ee] ei 


TABLE 2. HM-6642/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


> 
a 
O 
= 
Lu 
= 
” 
O 
= 
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Device Guaranteed and 100% Tested 


PARAMETER SYMBOL MAX! 


awa 
Fata Reontne | TWO feSeawvaasw] avon [oraevare] [ool 
Sapatane nets] Tovey fos aaveasay| aren [arortacvare| [| 
Siete nce | Yeav [veoeasvensay] aon [SFoatasae| - [ol 
= 

a 


LIMITS 


HM- HM- 
6642B/883 | 6642/883 


GROUP A 
SUB- 
GROUPS 


(NOTES 1, 2, 4) 
CONDITIONS 


TEMPERATURE MAX: 


150 


Address Hold Time TELAX | VCC =4.5Vand5.5V| 9,10,11 | -55°C < Ta < +125°C } 25] = | 
Chip Enable Low Width TELEH |VCC=4.5Vand5.5V| 9, 10,11 | -55°C <Ta< +125°C | 120 = 
Chip Enable High Width | TEHEL ]VCC=4.5Vand5.5V] 9, 10,11 | -55°C <Ta<+125°C } 40} = | 
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TABLE 2. HM-6642/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 
Device Guaranteed and 100% Tested 


LIMITS 
HM- HM- 
GROUP A 6642B/883 | 6642/883 
(NOTES 1, 2, 4) SUB- 
PARAMETER SYMBOL] CONDITIONS GROUPS | TEMPERATURE | MIN | MAX] MIN | MAX| UNITS 


Read Cycle Time TELEL |VCC=4.5Vand5.5V] 9,10,11 | -55°C< Ty <+125°C }160] | Ei pons | 


NOTES: 
1. All voltages referenced to VSS. 


2. A.C. measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL equiv- 
alent load and CL = 50pF. 


3. Typical derating = 5mA/MHz increase in ICCOP. 
. All tests performed with P hardwired to GND. 
5. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, IOH = -1mA, IOL = +1mA, VOH 2 1.5V, VOL < 1.5V. 


> 


TABLE 3. APPLICABLE SUBGROUPS 


Sc 


Switching Waveform 


VM I UMM, ETE: 


<«— TEHEL 


—=— TELQV —> 


° Y4H////)) _Tavax U//2 DATA VALID 


TGXQZ —» <— ae TGXQZ 


G 
(NOTE) 


TIME 
REFERENCE 


-1 0 1 2 3 456 


NOTE: G has the same timing as G except signal is inverted. 
FIGURE 1. READ CYCLE 
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HM-6642/883 


Test Load Circuit 


DUT ¢ 


(NOTE) 


© 


NOTE: 
TEST HEAD 
CAPACITANCE, 
INCLUDES STRAY EQUIVALENT CIRCUIT 
AND JIG CAPACITANCE »--~—~----~-~-~--- ses eis ec sg "cm ant Senda ad ek J 
FIGURE 2. TEST LOAD CIRCUIT 
Burn-In Circuits 
HM-6642/883 (0.300 INCH) SBDIP HM-6642/883 (0.600 INCH) SBDIP 
vec 5 
Cc 
F8 c rT Da F10 D4 vcc 
F7 ¢ 2 | 23 DFx F9 23] F9 
F6 c 3] 22 > F10 F8 22 F10 
F5¢ Q 21) 5 Fil F7 21) Fi1 
F4 Gg D0 > Fi2 F6 20] F12 
F3 © G 19) > FO F5 19 FO 
F2 co 18 © GND F4 18) GND 
— a 2.4K ss 
2.4K 4, 2.4K | 1 aay _| 
[eax WY te pe aK | ra 
voor? [24K at Aw 24K] veos2  YOO!2 ijt veo 
Vcc /2 VCC /2 — de 
- a z 
2 13 aA 
\/ 


> 
oc 
e) 
= 
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= 
” 
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HM-6642/883 


tS (Continued) 


ircul 


Burn-In C. 


HM-6642/883 CLCC 


- N 
rr oo 
we mh wh 


Arece000n 


oO 
rican 
a 


o 
ere &e 
J 


3 4€&> ON 


vcc 


NOTES: 


1. FO = 100kHz + 10%. 


47kQ. 
3. Unless Otherwise Noted. 


4. VCC 
5. VIL 
6. C 


2. All Resistors 


= 5.5V +0.5V. 
4.5V + 10%. 
0.01pF Min. 
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HM-6642/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
136 x 168 x 19 + Imils Type: SiOo sia tehk 
METALLIZATION: CURRIES: Oras 4 
Type: Si - Al WORST CASE CURRENT DENSITY: 
Thickness: 11kA = 15kA 1.7 x 10° A/cm? 


Metallization Mask Layout 
HM-6642/883 


A4 AS5 A6 A7 vcc A8 Gi G2 


- semame, oa ese - 4 ; 
as || (5) eee Tt es. Jel. ay a £9] || | cs 
al | The oo le CU ae 


ue 
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HM-661 7/883 


2K x 8 CMOS PROM 


aD 


March 1997 


Features 


¢ This Circuit is Processed in Accordance to MIL-STD- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low Power Standby and Operating Power 


Industry Standard Pinout 
Single 5.0V Supply 
CMOS/TTL Compatible Inputs 
High Output Drive 12 LSTTL Loads 
Synchronous Operation 

On-Chip Address Latches 

Separate Output Enable 


Operating Temperature Range -55°C to +125°C 


Ordering Information 


Description 


The HM-6617/883 is a 16,384-bit fuse link CMOS PROM in 
a 2K word by 8-bit/word format with “Three-State” outputs. 
This PROM is available in the standard 0.600 inch wide 24 
pin SBDIP, the 0.300 inch wide slim SBDIP, and the JEDEC 
standard 32 pad CLCC. 


The HM-6617/883 utilizes a synchronous design technique. 
This includes on-chip address latches and a separate output 
enable control which makes this device ideal for applications 
utilizing recent generation microprocessors. This design 
technique, combined with the Harris advanced self-aligned 
silicon gate CMOS process technology offers ultra-low 
standby current. Low ICCSB is ideal for battery applications 
or other systems with low power requirements. 


The Harris NiCr fuse link technology is utilized on this and 
other Harris CMOS PROMs. This gives the user a PROM 
with permanent, stable storage characteristics over the full 
industrial and military temperature voltage ranges. NiCr fuse 
technology combined with the low power characteristics of 
CMOS provides an excellent alternative to standard bipolar 
PROMs or NMOS EPROMs. 


All bits are manufactured storing a logical “O” and can be 
selectively programmed for a logical “1” at any bit location. 


[PACKAGE | TEMPERATURE RANGE [One | 10a PACKAGENO.| 
seo —SSCS~wSCSCSCS To a‘ GoTTBVBES _[HM-eoITBIREs —_[D2ee 


Pinouts 
HM-6617/883 (SBDIP) 


TOP VIEW TOP VIEW 


HM-6617/883 (CLCC) 


PIN DESCRIPTION 


[Fw | BESCRIPTON 
a 
Co 
es 


NOTE: P should be hardwired to Voc 
except during programming. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1997 
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File Number 


HM-661 7/883 


Functional Diagram 
MSB 

A10 

 ¢ LATCHED 7 GATED 

ie, ADDRESS ROW 128 x 128 
at REGISTER DECODER MATRIX 
AS 

A4 


LSB 
ALL 16 


GATED COLUMN 
DECODER AND DATA 
OUTPUT CONTROL 


G e e - 

LATCHED ADDRESS 
ALL LINES POSITIVE LOGIC: ACTIVE HIGH REGISTER 
THREE-STATE BUFFERS: 


AHIGH —s OUTPUT ACTIVE MSB | LSB 
ADDRESS LATCHES AND GATED DECODERS: A3 A2 Ai AO 


LATCH ON FALLING EDGE OF E 
GATE ON FALLING EDGE OF G 


YEN 


6-251 


Qo 


Qi 


Q2 


Q3 


Q4 


Q5 


Q6 


Q7 


CMOS MEMORY 


HM-6617/883 


Absolute Maximum Ratings 


SUSh yy VONOES cic cccescekwextavanerd ne pewud @ eeeees +7.0V 
Input, Output or I/O Voltage ........... GND -0.3V to VCC +0.3V 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP 
Be) GeO kos cc ctcadav ern Nas.ourtariewcuade Class 1 


Operating Conditions 


Operating Voltage Range..................... +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 
INDUE LOW VOUAOG)s.0.32casneee ane os ca vedaays -0.3V to +0.8V 
Input High Voltage ...............-.0006, +2.4V to VCC +0.3V 


Thermal Information 


Thermal Resistance BJA 8jc 
SBDIP Package. .......5-e2000e8. 48°C/W 9°C/W 
SUNS nsnxesetarecewesagens 65°C/W 14°C/W 
GCLOC PACKAGE . cc ccccenvccenccas 58°C/W 19°C/W 

Maximum Storage Temperature Range ......... -65°C to +150°C 

Maximum Junction Temperature..................0005 +175°C 

Maximum Lead Temperature (Soldering 10s)............ +300°C 

Die Characteristics 

GAS COUN vo cnievvee acct eeusaasoee eres rene een 5473 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


TABLE 1. HM-6617/883 DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 
(NOTES 1, 4) 


PARAMETER SYMBOL CONDITIONS 


High Level Output Voltage | VOH1 {VCC =4.5V,1O=-2.0mA 
Low Level Output Voltage VCC = 4.5V, lO = +4.8mA 


High Impedance Output NOZ |VCC=5.5V,G=5.5V, 

Leakage Current VI/O = GND or VCC 

Input Leakage Current VCC = 5.5V, VI = GND or 
VCC, P Not Tested 


ICCOP {VCC =5.5V, G=GND, 
(Note 3), f = 1MHz, lO = 


Operating Supply Current 


OmA, VI = VCC or GND 


Functional Test FT VCC = 4.5V (Note 6) 7, 8A, 8B -55°C < TAS +125°C 


TABLE 2. HM-6617/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS 


Device Guaranteed and 100% Tested 


PARAMETER SYMBOL 


(NOTES 1, 2, 4) 
CONDITIONS 


Output Enable Access 
Time 


SUBGROUPS 
ial 55°C < TAS +125°C 
Standby Supply Current ICCSB_ | VI =VCC or GND, 1,2,3 
VCC = 5.5V, |O=OmA 


— a 


GROUP A 
SUBGROUPS 


Address Access Time TAVQV | VCC =4.5V and 5.5V -55°C < TA < +125°C 
(Note 5) 
TGLQV | VCC =4.5V and 5.5V 9, 10, 11 -55°C < TA< +125°C ae ae 
TELQV | VCC =4.5V and 5.5V 9, 10, 11 -55°C < TA< +125°C ae Bid 
Address Setup Time TAVEL }vcC=4.5Vand5.5V | 9,10,11 | -55°C < TA< +125°C ps | | EI 
Address Hold Time TELAX | VCC =4.5V and 5.5V 9, 10, 11 -55°C < TA< +125°C Ei Ei 


Chip Enable Low Width | TELEH | VCC =4.5V and 5.5V 9, 10, 11 -55°C < TAS +125°C 
Chip Enable High Width} TEHEL | VCC =4.5V and 5.5V 9, 10, 11 55°C < TAS +125°C 


GROUP A 


LIMITS 
TEMPERATURE 


55°C <TA< +125°C | 24 | 
55°C < TA < +125°C = 


-55°C < TAS +125°C | -1.0 
-55°C < TAs +125°C 


UNITS 


LIMITS 
HM-6617/883 


LIMITS 
HM-6617B/883 
TEMPERATURE 
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TABLE 2. HM-6617/883 AC ELECTRICAL PERFORMANCE SPECIFICATIONS (Continued) 
Device Guaranteed and 100% Tested 


LIMITS LIMITS 
HM-6617B/883 | HM-6617/883 


[for 


(NOTES 1, 2, 4) GROUP A 
CONDITIONS SUBGROUPS; TEMPERATURE 


Read Cycle Time TELEL | VCC =4.5V and 5.5V 9, 10, 11 55°C <TA<+125°C] 136 


NOTES: 
1. All voltages referenced tg Device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1TTL equiva- 
lent load and CL = 50pF. 


. Typical derating = 5mA/MHz increase in ICCOP. 

. All tests performed with P hardwired to VCC. 

. TAVQV = TELQV + TAVEL. 

. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, IOH = -1mA, IOL = +1mA, VOH 2 1.5V, VOL < 1.5V. 


PARAMETER 


Input Capacitance 


I/O Capacitance 


Output High Voltage VOH2 |VCC =4.5V, 10 = 100A a -55°C < TA< +125°C | VCC- 


NOTES: 
1. All tests performed with P hardwired to VCC. 


2. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design changes which would affect these characteristics. 


3. Applies to 0.600 inch SBDIP device types only. 
4. Applies to 0.300 inch SBDIP device types only. 
5. Applies to Ceramic Leadless Chip Carrier (CLCC) device types only. 


on hr, W 


TABLE 3. HM-6617/883 AC AND DC ELECTRICAL PERFORMANCE SPECIFICATIONS 


LIMITS LIMITS 
HM-6617B/883 | HM-6617/883 
SYMBOL NOTES | TEMPERATURE 
CIN VCC = Open, f = 1MHz, All 2,3 +25°C 
Measurements Referenced to 
Device GND 


(NOTES 1, 2) 
CONDITIONS 


Cc 
< 
| 
” 


TC 
a 


VCC = Open, f = 1MHz, All 


no] 
A 


Measurements Referenced to 


no) 
TT 


Device GND 


CI/O VCC = Open, f = 1MHz, All +25°C 
Measurements Referenced to 
Device GND 


12 
10 
12 


oH 


Measurements Referenced to 


b>) 
Tl 


TT T 


Device GND 


VCC = Open, f = 1MHz, All 
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TABLE 4. APPLICABLE SUBGROUPS 


a 


Switching Waveforms 


ja} CTA GY ania 


ADDRESSES //, 1.5V Cm BCOYYyYyyy yi fff, WAL, Z ™ 


| 
L TELEL : 
> TELAX! =< 
| 


| 
] ee TELE 3.0V 
€ 1.5V 1.5V 1.5V 1.5V 
) 
| 1 , OV 
re— TEHEL sale ens TELQV ie ae =< TEHQZ 
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NOTES: 

fO = 100KHz + 10%. 

All resistors = 47kQ Unless Otherwise Noted. 
VCC = 5.5V + 0.05V. 

C = 0.01 pF min. 
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Introduction 


The 82C52 CMOS Programmable UART can be utilized for 
serial communications at data rates from DC to 1M baud 
using clock speeds in the range of 0-16MHz. In addition, the 
device provides an internal baud rate generator. 


In the following discussion, we will look at the functional 
capabilities of the 82C52, and give information on how the 
device can be programmed. The following topics will be 
discussed: 


(1) Glossary of communications terms 
2) Control registers 


3) Status registers 


5) I/O Addressing methods 
6) Reset of the 82C52 


(2) 
(3) 
(4) Transmit/Receive Buffer Registers 
(5) 
(6) 
(7) Programming the 82C52 


1.0 Glossary of Data Communication 
Terms 


1.1 Clear to Send (CTS): 


Clear-to-send is an input signal to the 82C52. It is provided 
by the device with which the 82C52 is communicating, such 
as a modem. When this signal is in its active state (active 
low), the 82C52 is being told that the modem will accept data 
sent to it from the 82C52 Serial Data Out (SDO) pin. 


The CTS signal is specified in the RS-232C protocol and is 
used in conjunction with the Request to Send (RTS) signal. 
This signal is used mainly in half-duplex systems. In a half- 
duplex system communications can be performed in both 
directions, but in only one direction at a time. 


To illustrate this: Suppose we are using the 82C52 to 
communicate over an RS-232C link to a modem. In half- 
duplex operation the UART tells the modem that it wishes to 
transmit a character by putting RTS into its active state 
(active low for the 82C52). The modem, if ready for the data, 
will respond by driving the 82C52’s CTS line to its active 
state (low). When the 82C52 recognizes this, it will then 
begin data transmission. 


1.2 Data Set Ready (DSR): 


This is also an input signal to the 82C52. When in its active 
state, it signifies that the device with which it is to communi- 
cate is powered on and ready for communications. When 
using a modem, an active state for this signal indicates that 
the modem is also connected to a communications line (is 
on line). 


1.3 Data Terminal Ready (DTR): 


This is an output signal generated by the 82C52. Its purpose 
is to inform the target (i.e. modem) that it is ready for 
communications. 


1.4 Framing Error: 


Each time the 82C52 receives a character of data, it will 
check for 3 types of errors: (1) Parity error, (2) Framing error, 
and (3) Overrun error. 


When reading characters through the Serial Data In (SDI) 
pin, the 82C52 will first encounter a start bit. This start bit is 
a logical zero, and is detected by the first falling edge of the 
signal on SDI. Next, the 82C52 will see a specified number 
of data bits followed by the parity bit. The parity bit is 
checked for a parity error (see 1.8 and 1.9). The stop bits are 
then checked for a framing error. 


A framing error occurs when an incorrect stop bit is found, or 
if there are too few stop bits. This happens most often when 
the baud rates between the communicating devices differ. 
The data will have a tendency to become skewed. For 
information on this skewing problem, see 1.10. 


1.5 Interrupt Driven VO: 


This is a method of handling interaction between a CPU and 
an I/O device. In this scheme, the I/O device will issue an 
interrupt to the CPU when it requires attention. 


With the 82C52, an interrupt might occur when (1) the device 
receives a character on its SDI pin, (2) the device completes 
transmission of a character, (3) an error is found in a 
received character, or (4) a change was detected in one of 
the modem control lines. 


After the interrupt is recognized by the CPU, it (the CPU) will 
go to the corresponding Interrupt Service Routine(ISR). This 
routine decides how the interrupt should be serviced, and 
then services it. Upon completion of the ISR, execution of 
the users software will resume at the point where the 
interrupt occurred. 


1.6 /O Polling: 


A second method for handling interaction between a CPU 
and an I/O device. Rather than waiting for an I/O device to 
interrupt the CPU, the software assumes the responsibility of 
checking to see if an I/O device needs servicing. 


When the system software needs to output to the 82C52, it 
will poll (look at) the device to see if it is ready to accept 
data. Similarly, in order to receive data from the 82C52, the 
software will poll to see if there is any data waiting to be read 
in. Once read, the software must test the status of the 82C52 
to see if any errors were detected in the data received. The 
software must also look for status changes in the modem 
control lines. 
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1.7 Overrun Error: 


With the 82C52, data is received on the SDI pin. From there 
it is shifted serially into the Receiver Register. Once in this 
register, it will be shifted (in parallel) into the Receive Buffer 
Register (RBR) should this register be empty. Should it not 
be empty, the data cannot be shifted into the RBR. However, 
subsequent data coming in on the SDI pin will be shifted into 
the Receiver Register, overwriting the data already there. 
This causes the 82C52 to flag an overrun error. 


To clear the RBR, data must be read from it by the CPU. This 
data must be read faster than the data is being received on 
SDI and written to the Receiver Register. In most cases, this 
problem must be dealt with in software: (1) Either the 
receive data routine must be optimized for better perfor- 
mance, or (2) The baud rate must be lowered to compensate 
for the data loss. 


1.8 Parity: 


Parity is a form of error detection commonly used in serial 
communications. In parity checking, the sending device gen- 
erates and sends an extra bit with each character transmit- 
ted. The state of this bit (0 or 1) is determined by (1) the 
number of 1 bits in the character transmitted, and (2) by 
whether parity was defined to be even or odd. 


With even parity, the parity bit is generated such that the 
number of one’ bits in the character (including the parity bit) 
is an even number. For example, if a word has 5-bits that are 
ones, the parity bit must be set to a one so that the total 
number of ‘one’ bits is an even number. If a character being 
sent has 6-bits set to a one, the parity bit will be zero. This 
still gives an even number of one bits in the character. 


Conversely, in odd parity, the parity bit is generated such that 
the total number of 1 bits (including the parity bit) is an odd 
number. For a character having 5 one bits, the parity bit gen- 
erated is a zero. For a character having 6 one bits, the parity 
bit is set to one 


(A) 
>1200bps 


START 
BIT —~*> 


1200bps 


<1200bps 


So $1 $2 $3 $4 


<— START BIT 
DETECTED HERE 


(EVEN) (ODD) 
CHARACTER SENT PARITY BIT PARITY BIT 


FIGURE 1. PARITY 


1.9 Parity Error: 


This is caused by an invalid parity bit being detected in a 
character received. The condition occurs when (A) even par- 
ity is specified and an odd number of ‘one’ bits are detected 
in the character, or (B) odd parity is specified and an even 
number of ‘one’ bits are detected. 


For example, if the character 6EH (01101110 b) is received 
by the device, and the parity bit read in is a 1, a parity error 
would be flagged if parity was defined to be ODD. Should 
parity be set to EVEN and the parity bit is a 1 for this same 
character, a parity error will not be flagged. 


1.10 Percentage Error in Baud Rate Generation: 


When exchanging data between two systems through serial 
links (i.e., RS-232C) it is important that the baud rates of the 
two systems be as equal as possible. Roughly speaking, 
these baud rates should not differ by more than 2%. For 
example, if system X is using an 82C52 to generate 1200 
bits per second (bps), and system Y with which it is commu- 
nicating is generating 1244bps, there is a 3.67% difference 
in the baud rates. Errors may occur when data is received by 
system X. 


The 82C52 samples the data being received on the SDI pin 
beginning from when the receiver detects a start bit. This is 
denoted by a high-to-low transition on the SDI pin. Based on 
the specified baud rate, the 82C52 will count and sample 
such that each bit is read at the center of a bit period. 
Figure 2 shows a character generated at 1200bps, and sam- 
pled for 10-bit periods (SO - S10). The character is 1B Hex 
with even parity. 


S5 S6 $7 $8 S9 $10 


FIGURE 2. PERCENTAGE ERROR 
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Assume that system X is configured to transmit and receive 
at 1200bps. The system we are communicating with is 
running slightly faster as stated above (1244bps). Our 
sampling rate will still be based upon 1200bps, but the 
sampling of the incoming signal will be off by a short time 
period. With each sample this error accumulates. Thus, the 
skewing to the right becomes greater over time. By the time 
we normally would be sampling the parity bit (S9), the stop 
bit(s) would be coming in over the SDI pin (see Figure 2A). 
In this case, the 82C52 thinks it is sampling the parity bit 
when in fact, what it is seeing is really the stop bit. This could 
Cause a parity error to be flagged. 


Conversely, if data is being received at a baud rate slightly 
less than our specified baud rate, we would get a skewing of 
the received data in the opposite direction. From Figure 2C, 
we see that at S10 we are checking the stop bit, but system 
Y is still transmitting the parity bit. Therefore, the Framing 
error will be flagged. 


1.11 Request To Send (RTS): 


This signal is an output of the 82C52. It is used to inform a 
modem or remote system that it wishes to transmit data. The 
modem (remote system) would then respond by activating 
the CTS signal. As with the CTS, this signal is of most value 
in half-duplex communications. 


2.0 Control Registers 


In order for the 82C52 to properly operate in a system, it 
must be configured for the desired form of operation. The 
user must decide how the device will be used in the system, 
and know the communications protocol of the device it will 
be communicating with. For example, in a system communi- 
cating with a modem we would need to utilize the modem 
control lines. When using the 82C52 in a local area network 
these modem control lines may be of no use to us. 


The 82C52 is initialized and configured by writing a series of 
control words from the CPU to various control registers in 
the device. These registers include the UART Control Regis- 
ter (UCR), the Baud Rate Selector Register(BRSR), and the 
Modem Control Register (MCR). 


UCR: Defines the format of characters being transmitted. 
The format of the characters includes the number of 
data bits, parity control, and the number of stop bits. 


BRSR: Used in setting up the internal baud rate generator in 
the 82C52 for a specific baud rate. It will also be 
used to specify what the CO output is to be. 


MCR: Defines which interrupts will be enabled, and will also 
set the modem control output lines (RTS and DTR). 
In addition, the MCR allows the user to select one of 
four modes of communications (normal mode, echo 


mode, transmit break, and loop test mode). 
2.1 UART Control Register 


The UART Control Register (UCR) is a write-only register. 
Writing a command word to the UCR configures the trans- 
mission and reception circuitry of the 82C52. The command 
word essentially describes the format of characters that are 


to be transmitted or received. The format of these characters 
are made up of (1) a specific word length, (2) parity informa- 
tion, and (3) a selected number of stop bits, used to indicate 
transmission of that character is completed. 


STOP BIT 0O=1STOP BIT 

SELECT 1 = 1.5 STOP BITS (TX) AND 
1 STOP BIT (RX) IF 5 DATA 
BITS SELECTED 


000 = TX AND RX EVEN 

001 = TX AND RX ODD 

010 = TX EVEN, RX ODD 

011 = TX ODD, RX EVEN 

100 = TX EVEN, RX CHECK 
DISABLED 

101 = TX ODD, RX CHECK 
DISABLED 

11X = GENERATION AND 
CHECK DISABLED 


00 = 5-BITS 
01 =6-BITS 
10 =7-BiITS 
11 =8-BITS 


SET TO 00 FOR FUTURE 
PRODUCT UPGRADE 
COMPATIBILITY 


FIGURE 3. UCR FORMAT 


PARITY 
CONTROL 


WORD 
LENGTH 
SELECT 


RESERVED 


DO — Stop Bit Select. This bit is used to select the number 
of stop bits that the 82C52 will insert into a character to be 
transmitted, and the number to look for in received charac- 
ters. The stop bit(s) denote where the end of a character 
occurs. The external device must be configured with the 
same number of stop bits as the 82C52. The setting(s) for 
this bit are as follows: 


0 — If this bit is set to zero, then a single stop bit will be gen- 
erated and checked for. 


1 — Setting this bit to a one will cause either of two configura- 
tions. If we select a character length of 5 data bits, the 
82C52 will generate 1.5 stop bits during transmission, 
and will look for a single stop bit when receiving data. If a 
character length of 6, 7, or 8 data bits is selected, then 
two (2) stop bits will be generated and checked for. 


D3, D2 and D1 — Parity Control. These three bits are used 
to control the generation and checking of the parity bit. The 
82C52 can be configured to perform this function one of 
seven ways. These are: 


000-— Even parity is generated for transmitting data, and 


will be checked for when receiving data. 


001-— Odd parity is generated for transmitting data, and 


checked for during data reception. 


010— Even parity is generated for data transmission, and 


odd parity will be checked for during data reception. 


011-— Odd parity is generated for data transmission, and 


even parity will be checked for during data reception. 


100 —- Even parity is generated for data transmission, how- 
ever, the 82C52 will do no parity checking on data 


that has been received. 
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101-— Odd parity is generated for data transmission. The 
82C52 will not check parity on data received. 


11X— The generation of a parity bit is disabled. Also, the 
82C52 will not check for parity on incoming data. D1 
is not used therefore, it can be either a 0 ora 1. 


TABLE 1. PARITY SELECTION 


ae TRANSMITTER RECEIVER 
ee 


Even 


ee 
ee 
a 


D5, D4 — Word Length Select. The state of these bits deter- 
mines the number of bits that are transmitted as a data word. 
The word length can be 5, 6, 7, or 8-bits long. 


TABLE 2. WORD LENGTH SELECTION 


a 
a 


D7, D6 — Reserved. These bits have been reserved for 
future product upgrade compatibility. To insure that the future 
upgrades of the 82C52 will operate with existing software, 
these bits must both be set to zero (00). 


2.2 Baud Rate Select Register 


The Baud Rate Select Register (BRSR) is a write-only 
register used to set the internal 82C52 baud rate generator 
to the desired data transfer rate. Essentially, this baud rate 
will depend upon the clock speed of the crystal being used 
with the device. However, to provide more flexibility, the 
82C52 provides two separate counters for selecting a divide 
ratio to fit the user’s needs. 


These two counters are the Prescaler, and the Divisor 
select. The Prescaler allows the input clock rate to be 
divided by one of four values: 1, 3, 4, and 5. This new data 
rate can then be further divided by using the values available 
with the Divisor select. This final clock speed will be 16 times 
the actual baud rate used by the 82C52. 


The 16X clock speed can be output to the CO pin of the 
device through the CO Select function of the BRSR. If CO 
select is not selected, the output of the CO pin will reflect the 
crystal frequency input by the part on the IX pin. Note, this 
output (CO) is a buffered version of the IX input or 16X baud 
rate. 


PRESCALER 00=+1 
SELECT 01=+3 
10=+4 
11=+5 


DIVISOR 
SELECT 


00000 = + 2 
00001 =+ 4 
00010 = + 16/3 
00011 =+8 
00100 = + 32/3 
00101 =+ 16 
00110 = + 58/3 
00111 =+ 22 
01000 = + 32 
01001 = + 64 
01010 = + 128 
01011 =+ 192 
01100 = + 256 
01101 =+ 288 
01110 = + 352 
01111 =+ 512 
10000 = + 768 
11111 =+ EXTERNAL (+ 1) 


CO SELECT = ly OUTPUT 


1 = BRG OUTPUT 
FIGURE 4. BRSR FORMAT 


D1 and DO — Prescaler Select. This allows the user to 
choose one of four values that the input clock frequency (IX) 
will be divided by. 


TABLE 3. PRESCALER SELECTION 


PRESCALER 
DIVISOR 
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D6, D5, D4, D3, and D2 — Divisor Select. The state of these 
bits determines the value of the Divisor select. The possible 
values are as follows in Table 4: 


TABLE 4. DIVISOR SELECTION 


ec 
0 
Le 
4 
: 


: 
2 
3 


By using a crystal or external frequency with one of the 
common crystal frequencies (1.8432MHz, 2.4576MHz, or 
3.072MHz) and a prescaler of divide by 3, 4, or 5 respec- 
tively, standard baud rates can easily be generated by 
selecting the Divisor as shown in Table 5 below: 


TABLE 5. STANDARD DIVISORS 
= 
a ae 
A 
a 
a 
0 

1 


+ 
+ 
ag 


2/3 
2 
0 
} 
; 


1 
a : 
2 
; 
3 
) 
r 


NOTE: All baud rates are exact except for: 


TABLE 6. PERCENT DIFFERENTIAL 


a 


To illustrate how a baud rate can be determined, let us look 
at the following example: 


EXAMPLE 2.1: 


Assume that we are using a clock frequency of 2.4576MHz 
with the 82C52, and we wish to configure the device to run at 
a baud rate of 9600 bits per second (bps). First, select a 
prescaler of divide-by-four. Therefore, bits D1 and DO will be 
set to 1 and 0. This will give an effective clock frequency of 
614,400Hz. 


Next, look at Table 5 to determine which divisor is needed to 
generate 9600 bps. The divisor is four (4). Bits 6 through 2 
will be set to 0 0 0 0 and 1. The 614,400Hz clock has then 
been divided by 4 to give the appropriate 16X clock, which is 
153,600HZ (16 x 9600). 


To determine what the actual baud rate is, take 153,600Hz 
and divide it by 16. This will give us our 9600 bits per second 
(bps). A 16X clock rate is required by the internal circuitry of 
the 82C52. That is why the prescaler and divisor are 
selected to yield a clock rate that is 16 times the desired 
baud rate. 


Finally, set the CO Select bit to 1 so that the CO output will 
be the same as the BRG output. This is the 16X frequency 
calculated above (153,600Hz). 


The command word written to the BRSR will be: 
10000110 or 86 Hex 


D7 — CO Select. This tells the 82C52 what the source will be 
for the output pin CO. 


0 — The output on CO will be a buffered version of the clock 
input (IX) to the device. The frequency of this signal will 
be the actual crystal frequency (or external frequency) 
used to run the 82C52. 


1 — The output of CO will be a buffered version of a clock rate 
that is 16 times the actual baud rate generated by the 
82C52. This signal is suitable for driving a second 82C52 
or UART in a system. 


2.3 Modem Control Register 


The Modem Control Register (MCR) is a general purpose 
register controlling various operation parameters within the 
device. These parameters include: (1) setting modem control 
lines RTS and DTR, (2) Enabling the interrupt structure of 
the device, (3) enabling the receiver on the device, and (4) 
selecting one of four operating modes in the device. 
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oe 


REQUEST TO 0=RTS OUTPUT HIGH 


SEND (RTS) 1=RATSOUTPUTLOW 
DATA 0 = DTR OUTPUT HIGH 
TERMINAL 1 = DTR OUTPUT LOW 
READY 

(DTR) 

INTERRUPT 0 = INTERRUPTS ENABLED 
ENABLE 1 = INTERRUPTS DISABLED 
(INTEN) 


MODE SELECT 00 = NORMAL 
01 = TRANSMIT BREAK 
10 = ECHO MODE 
11 = LOOP TEST MODE 


RECEIVER 0 = NOT ENABLED 
ENABLE (REN) 1 = ENABLED 


MODEM 0 = NOT ENABLED 
INTERRUPT 1 =ENABLED 
ENABLE (MIEN) 


MUST BE SET TO ALOGIC 0 
FOR NORMAL 82C52 OPERATION 


FIGURE 5. MCR FORMAT 


DO — Request to Send. This bit allows the user to set the 
state of the RTS output pin. This pin is used as a modem 
control line in the RS-232C interface protocol. It is important 
to remember that the RTS output pin is active low. 


0 — Setting this bit to a zero causes a one (1) to be output on 
the RTS pin. In effect, this is setting the pin to its logical 
false state. 


1 — If this bit is set to a one, the RTS pin will be forced to a 
zero (0). This puts the RTS signal in its logical true state. 


D1 — Data Terminal Ready. This is a modem control line for 
an RS-232C- like interface. It is an output pin and is also 
active low. 


0 — A zero in bit D1 causes DTR pin to be put in a logical 
false state. The DTR pin outputs a one (1). 


1 — By writing a one to this bit, the 82C52 DTR output pin is 
set to its logical true state (zero). 


D2 — Interrupt Enable (INTEN). This bit is an overall control 
for the INTR pin on the 82C52. With it, all 82C52 interrupts to 
the processor can either be enabled or disabled. When D2 is 
reset to disable interrupts, no status changes including 
modem status changes can cause an interrupt to the 
processor. 


0 — Interrupts are disabled. The INTR pin will be held in a 
false state (low) so that no interrupt requests to the 
processor are generated. 


1 — Interrupts are enabled. Interrupts will be discussed in 
more detail later. 


D4 and D3 — Mode Select. These two bits allow the user to 
select one of the four possible operating modes for the 
82C52. These are: 


00-— Normal mode - The 82C52 is configured for normal full 
or half duplex communications. Data will not be looped 


back in any form or fashion between the serial data 
input pin and the serial data output pin (see Figure 6A). 


01-— Transmit break - Selecting this mode of operation will 
cause the transmitter to transmit break characters only. 
A break character is composed of all logical zeros for 
the start, data, parity, and stop bits. 


10— Echo mode - When this is selected, the 82C52 will 
retransmit data received on the SDI pin out to the SDO 
pin. In this mode of operation, any data written to the 
Transmitter Buffer Register will not be sent out on the 
SDO pin (See Figure 6B). 


11 — Loop Test mode - If this mode is selected, the data that 
normally would be transmitted is internally routed back 
to the receiver circuitry. The transmitted data will not 
appear at the SDO pin. Also, data that is received on 
the SDI pin will be ignored by the device. This mode of 
operation is useful for performing self test(s) on the 
device (see Figure 6C). 


82C52 


SERIAL DATA FROM 
TRANSMITTER REGISTER 


SERIAL DATA TO 
RECEIVE REGISTER 


FIGURE 6A. NORMAL MODE 


82C52 


SERIAL DATA TO 
RECEIVE REGISTER 


FIGURE 6B. ECHO MODE 


82C52 


SERIAL DATA FROM 
TRANSMITTER REGISTER 


SERIAL DATA TO 
RECEIVE REGISTER 


FIGURE 6C. LOOP TEST MODE 
FIGURE 6. OPERATING MODES 


D5 — Receiver Enable (REN). Controls the reception of data 
through the SDI pin into the Receiver Register. Disabling the 
receiver is useful when performing a software reset on the 
device. This locks out any errant data from being received. 
This would also prevent interrupts from occurring due to data 
reception. Other possible reasons for disabling the receiver 
might be so that sections of software can execute without 
interruption, so that software only accepts data when ready 
for it, or so that a software reset/reconfiguration can be 
performed. 
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0 - A zero for this bit prevents the device from recognizing 
data sent to the SDI pin. The receive circuitry will remain 
in an idle state. 


1 - Writing a one to this bit enables the receiver. Data will 
then be recognized at the SDI pin. 


D6 —- Modem Interrupt Enable. Enabling this bit will allow 
any change in the modem status line inputs (CTS and DSR) 
to cause an interrupt. The Modem Status register (MSR) will 
contain information pertaining to which condition(s) caused 
the interrupt. 


0 - Modem interrupts not enabled. 
1 - Modem interrupts enabled. 


D7 — This bit must always be set to a logic zero to insure 
device compatibility for future product upgrades. Should this 
bit be set to a one (1) during initialization, the device will not 
respond to any data at the SDI pin, and no data will be 
transmitted from the Transmitter Register to the SDO pin. 


3.0 Status Registers 


In addition to the various Control registers, the 82C52 has 
two read only status registers that can be accessed by the 
CPU to determine the status of the device at any given time. 
These are the UART Status Register (USR), and the Modem 
Status Register (MSR). The registers are used for keeping 
track of any changes in (1) the modem lines on the device 
(2) the status of data transmission or reception, and (3) 
whether any error(s) were detected in received data. 


The USR deals with the different types of data errors, the 
status of data transmission, as well as data waiting to be 
read. The MSR, on the other hand, reflects the status of the 
various modem control lines in the device (i.e. CTS and 
DSR). 


Normally, in an interrupt-driven system, after an interrupt 
occurs, the user's software would check the status 
register(s) to determine what caused the interrupt. The 
software then should deal with the various types of interrupts 
in an appropriate manner. 


3.1 UART Status Register 


The UART Status Register (USR) contains information 
pertaining to the status of the 82C52 operation. The 
information that is kept in the USR includes: data reception 
error information, modem status, and the status of data 
transmission. This register will normally be the first 82C52 
register read when servicing an 82C52 interrupt, or when 
polling the device. 


NOTE: The USR will be cleared upon reading its contents. 


After reading and clearing the status register, the bits will 
remain as zeros until a status change occurs to set the 
proper bit(s). 


DO — Parity error (PE). This bit indicates whether a parity 
error was detected in the last character read into the 
Receive Buffer Register. If parity is disabled, this bit will 
always be a zero. 


i i 


PARITYERROR 0=NOERROR 
(PE) 1 =ERROR 
FRAMING 0=NO ERROR 
ERROR (FE) 1 = ERROR 
OVERRUN 0 =NO ERROR 
ERROR (OE) 1 = ERROR 
RECEIVED 0 = NO BREAK 
BREAK (RBRK) 1 =BREAK 
MODEM 0 = NO STATUS CHANGE 
STATUS (MS) 1 = STATUS CHANGE 
TRANSMISSION 0 = NOTCOMPLETE 
COMPLETE (TC) 1 =COMPLETE 
TRANSMITTER 0=NOT EMPTY 
BUFFER 1 = EMPTY 
REGISTER 
EMPTY (TBRE) 
DATA READY (DR) 0 = NOT READY 

1 = READY 


FIGURE 7. USR FORMAT 
0 — No error detected. 
1 — Parity error detected. 


D1 — Framing error (FE). A one in this bit indicates that the 
last character received contained an improper number of 
stop bits. This might be caused by no stop bits being sent, or 
by the length of the stop bits being too short. 


0 — No framing error. 
1 — Framing error detected. 


D2 — Overrun error (OE). When this status bit is set to a 
one, it indicates that data in the RBR is not being read by the 
CPU fast enough to permit data in the Receiver Buffer to be 
shifted to the RBR before the next character comes in on the 
SDI pin. Data is then lost because it is overwritten by 
incoming characters. 


O — No overrun error detected. 
1 — Overrun error detected. 


D3 — Received Break (RBRK). This status bit indicates that 
the last character received was a break character. A break 
character consists of all logic zeros including the parity and 
stop bits. The most common usage of this character is to 
indicate a special condition in the communications taking 
place. For example, the device sending information to the 
82C52 might send a break character to it to indicate that it 
has completed transmitting its stream of data. 


0 — No break. 
1 — Break detected. 


D4 — Modem Status (MS). This bit indicates whether or not 
there has been a change in the states of any of the modem 
control lines on the device. These lines include: CTS and 
DSR. To determine which of these lines has changed, the 
user can read the Modem Status Register (MSR). 
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Also, should both the MIEN and INTEN bits be set in the 
MCR register, an interrupt will be generated when the MS bit 
gets set. 


0 — No status change. 
1 — Status change detected. 


D5 — Transmission Complete (TC). When a character is 
written to the 82C52 Transmitter Buffer Register (TBR), it will 
be transferred to the Transmitter Register before actually 
being shifted out serially through the SDO pin. When the 
character has finally been transmitted on SDO, and both the 
TBR and Transmitter Registers are empty, the TC bit will be 
set. 


NOTE: The TC bit getting set does not always mean that an end of 
transmission has occurred. It indicates that both the TBR and the 
Transmitter Register are empty. For instance, if we are running the 
82C52 at a high baud rate, it could transmit data faster than the user’s 
software can write characters to the device. In this case, the TC bit 
could get set between each character being transmitted. 

Assertion of this bit will cause an interrupt when the INTEN 
bit of the MCR has been set. 


0 — Not complete. 
1 — Transmission complete. 


D6 — Transmitter Buffer Register Empty (TBRE). When a 
character written to the TBR has been transferred to the 
Transmitter Register and the TBR is ready for another 
character, this bit will get set. 


The user should check the TBRE bit before writing another 
character to the Transmitter Buffer Register. This insures 
that the previous character written to the TBR no longer 
resides there, but is being shifted out on the SDO pin. 


0 — Not empty. 
1 — Empty. 


D7 — Data Ready (DR). Is set when the Receive Buffer 
Register (RBR) has been loaded with a received character 
through the SDI pin. The CPU can access this data by 
reading the RBR. For example, if the user wishes to see if 
there is any data waiting to be read from the Receiver 
Register, this bit can be checked. 


0 — No data ready. 
1 — Data ready in RBR. 


NOTE: In an interrupt driven system, interrupts caused by the DR 
signal should have a higher priority than those caused by the TBRE 
signal. This will guard the software against Overrun errors. You have 
no control over the information being sent to you, but you can control 
how and when you are transmitting data. 


3.2 Modem Status Register 


The Modem Status Register (MSR), a read-only register, 
allows the user to determine the status of the Modem Status 
pins. The status of these pins is reflected by the correspond- 
ing bit(s) being set to a one if the state of the pin is in its true 
state (low), and by being set to a zero if the pin is in its false 
state (high). This will apply regardless of whether the pin is 
set up to be active high or active low. 


A change in any of the status bits will cause an interrupt if 
the INTEN and MIEN bits of the MCR are enabled. 


CLEAR TOSEND(CTS) 0=FALSE 
1 = TRUE 

DATA SET READY (DSR) 0=FALSE 
1 = TRUE 


0 
0 


UNDEFINED 
FIGURE 8. MSR FORMAT 


DO — Clear to Send (CTS). This is both a status and control 
signal from the modem. It tells the 82C52 that the modem is 
ready to receive data from the 82C52 transmitter output 
(SDO). If this line is inhibited (false), then the 82C52 will not 
be able to begin transmission of data. Should this line go 
false in the middle of a transmission, the UART will only be 
able to finish transmission of the current character. 


0 —CTS in false state. 
1 -—CTS is true. 


D1 — Data Set Ready (DSR). This is a status indicator from 
the modem to the 82C52 indicating that the modem is ready 
to provide data to the 82C52. 


0 — DSR in false state. 
1 — DSR is true. 


4.0 Transmit/Receive Buffer Registers 


In addition to the control and status registers, the 82C52 has 
two buffer registers that allow for the actual serial 
communications to be performed. These registers are used 
for sending characters out to the SDO pin, and for reading 
data from the SDI pin. 


4.1 Receiver Buffer Register 


The Receiver Buffer Register (RBR) is a read-only register 
which contains the character received via the SDI pin. When 
data is received by the 82C52, it is read serially into the 
Receiver Register from the SDI pin, and then transferred to 
the RBR for the CPU’s access. This double buffering allows 
for higher transmission rates without loss of data. However, 
should additional characters be received by the 82C52 
before this register is read, then the Receiver Register will 
be overwritten with the subsequent characters. This will 
cause the Overrun Error (OE) flag to be asserted. 


The RBR is 8-bits long and can accept data lengths of 5 to 8- 
bits. The data will be right justified in the register. When 
selecting data lengths of less than 8-bits, the 82C52 will 
insert zeros (0) into the RBR for the unused (most signifi- 
cant) bits. For example, if the 82C52 is configured for 6 data 
bits, and the character 31H is received, the RBR will look as 
follows when read: 
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FIGURE 9. RECEIVED DATA 
Bits D7 and D6 are automatically zeroed out by the 82C52. 


er | epir 
WORD |_&- 
WORD | 7-BiT 
WORD | 8-BIT 
WORD 


NOTE: THE LSB, BIT 0 IS THE FIRST SERIAL DATA BIT RECEIVED 
FIGURE 10. RBR FORMAT 


4.2 Transmitter Buffer Register 


The Transmitter Buffer Register (TBR) is a write only register 
used for sending characters out through the SDO pin. 
Characters to be transmitted should only be written to this 
register when it is empty. This condition can be checked for 
by reading the UART Status Register (USR) TBRE bit, or 
waiting for an interrupt to signal this condition. 


Like the Receiver circuitry, the Transmitter also uses double 
buffering. Here, we are taking advantage of the double 
buffering to increase throughput with the 82C52. The user 
would first write a character to the TBR. From here it is 
shifted (in parallel) into a second register known as the 
Transmit Register. After this transfer has been completed, 
the TBRE bit is set. 


The character shifted into the Transmit Register is then 
shifted serially out onto the SDO pin. Meanwhile, because 
the TBR is empty, another character can be written by the 
CPU to the TBR. In effect, the transmitter circuitry is then 
performing two operations simultaneously. This double 
buffering technique allows continuous’ data _ flow 
transmission. 


The Transmit Buffer Register is also 8-bits wide. Because we 
can specify data lengths as being from 5 to 8-bits wide, the 
82C52 right justifies the data when it is written to the TBR, 
and fills the unused bits with zero’s. In other words, unused 
(most significant) bits are truncated. For example, if we set 
up the device so that 6 data bits are specified and we write 
the character 71H (01110001 b) to the TBR, we will 
effectively be transmitting the character: 


LiL CIC ECa es 
= 31H 
eo pet tt fe yet eds 


FIGURE 11. TRANSMITTED DATA 


The two most significant bits are zeroed out automatically by 
the 82C52. 


5-BIT sane 
WORD |_° 
WORD | 7-BIT 

WORD | 8-BIT 


WORD 


NOTE: THE LSB, BIT 0 IS THE FIRST SERIAL DATA BIT TRANSMITTED 
FIGURE 12. TBR FORMAT 


5.0 I/O Addressing Methods 


To utilize the 82C52 in a microprocessor based system, it is 
necessary for the system to be designed such that we can 
easily access (address) the device. In the following 
discussion, we will look at two I/O device addressing 
schemes that can be applied to the 82C52: 


- |/(O Mapped Addressing, and 
- Memory Mapped I/O Addressing 


We will look at these two modes as they apply to an 80C86/ 
80C88-based system. 


5.1 /O Mapped Addressing 


In this scheme of I/O addressing, the microprocessor uses 
one set of instructions for accessing memory, and a different 
set for accessing I/O devices. The CPU will generate 
different control signals (IO/M) to select either memory or I/O 
based upon the type of instruction it is executing. Because of 
this, the system needs two sets of control logic for accessing 
memory and I/O. As we can see in Figure 13, the control 
logic for each is essentially the same. 


When addressing I/O, we would use either the IN instruction 
or the OUT instruction. The port address specified in the 
instruction is placed on the address bus, and the IO/M signal 
selects and activates the control logic for I/O. If we used one 
of the memory commands (MOV, CMP, TEST, etc.), the IO/M 
signal would activate the control logic for the system 
memory. 
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MEMORY 


HPL-82C338 


OTHER 
MEMORY 


= 


DATA BUS 


VO DEVICE 
(82C52) 


FIGURE 13. I/O MAPPED ADDRESSING 


MEMORY 
RD 
WR 
cs 
Yo 
A OTHER 
ADDRESS B : MEMORY 
Cc * OTHER V/O 


DEVICES 


DATA BUS 


=| 3 


82C52 
MEMORY MAP 


MEMORY 


MEMORY 


*~ IN 80C86 SYSTEM 


1024K* 


FIGURE 14. MEMORY MAPPED I/O ADDRESSING 


5.2 Memory Mapped I/O 


Memory Mapped I/O uses the same control logic for 
accessing both memory and I/O devices within a system. 
This is illustrated in Figure 14. Because we are using one set 
of control logic, we reduce the number of devices in the 
system, and save board space. 


When I/O devices are placed within the Memory Space of a 
system, it is possible to take advantage of the memory 
instruction set. This would now allow us to utilize the full 
register set in I/O operations, as opposed to only being able 
to use the accumulator (AX/AL) for the I/O instructions. Also, 
conditional testing can be applied to the I/O devices (i.e. 
TEST, CMP). When using memory mapped |/O, it should be 
noted that the I/O devices can no longer be accessed 
through the I/O instructions (IN and OUT). There are 
disadvantages to using memory mapped I/O as well: 


- The I/O devices are treated as memory, therefore the 
amount of available memory in the system is reduced. 


- Memory instructions will execute slower than the |/O 
commands (IN and OUT). In certain situations (i.e. I/O 
polling), this could lead to loss of data during communica- 
tions (overrun errors). 


5.3 I/O Addressing For The 82C52 


The actual addressing of the 82C52 internal registers takes 
place through the address pins AO and A1. These two sig- 
nals are taken from the address bus. In the following exam- 
ple(s), address lines ADO and AD1 from the 80C86/88 drive 
AO and A1, respectively, on the 82C52. Control logic will 
decode the remaining address lines from the CPU to gener- 
ate a ‘chip select’ for enabling the 82C52. The control logic 
consists of a 74XX138 Chip Select Decoder. 


The addresses for the 82C52 set up as described above are 
shown in Table 7. 


TABLE 7. EXAMPLE ADDRESSES 


6.0 Reset Of The 82C52 


There are two distinct ways in which the 82C52 can be reset 
to a known initial state: (1) By applying a reset pulse for at 
least two clock cycles on the RST pin, or (2) through soft- 
ware. 


A hardware reset is accomplished by forcing the RST pin to 
a high state for a minimum of two clock cycles. This should 
be for two cycles of the 82C52’s IX clock input as opposed to 
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the system clock. This reset will cause the UART Status 
Register (USR) to be set to 60H (TC and TBRE bits will be 
set), and the Modem Control Register(MCR) will be cleared. 
Any lines associated with the bits in the USR and MCR will 
be cleared or disabled. 


During the reset of the device, the Baud Rate Select Regis- 
ter (BRSR) and the UART Control Register (UCR) will not be 
affected. However, if the reset comes due to power on, these 
registers will have an indeterminate value associated with 
them. After this reset, the 82C52 will remain in an idle state 
until programmed to its desired configuration. 


A second method of resetting the 82C52 is through a soft- 
ware reset. This will allow the device to be set to a known 
state. The procedure for performing a software reset is out- 
lined below: 


(1) MCR = OOH. Write a zero to the MCR. This will disable 
the receiver as well as the modem control lines, and 
interrupts. 


(2) Read the RBR to clear out any residual data. 


(3) Read the USR to reset status, thus keeping status lines 
from causing possible interrupts to the CPU. 


(4) Reconfigure the device for the desired mode of opera- 
tion. 


7.0 Programming The 82C52 


In order to configure the 82C52 for proper operation, three 
separate command words need to be written to the com- 
mand (control) registers that were specified earlier. 


These registers include (1) the UART Control Register, (2) 
the Baud Rate Select Register, and (3) the Modem Control 
Register. When programming the device, these registers can 
be written to in any order. It is advisable to initialize the 
Modem Control Register last because it controls the 
enabling of interrupts, and the receiver circuitry. Once initial- 
ized, the 82C52 can be reconfigured at any time by writing 
new command word(s) to the control registers. However, the 
device should not be actively transmitting or receiving data 
when reconfiguring the control registers. 


Addressing of the internal registers on the 82C52 occurs by 
using the address lines A1 and AO, as well as the WR and 
RD lines. A more complete description of this is shown in 
Table 8. 


82C52 Polling Operation 


When utilizing a polling scheme for communications with the 
82C52, it is important to note that the UART status register 
will be cleared of its contents when it is read by the proces- 
sor. Therefore, subsequent reads of this register will show 
the contents to be OOH unless the status of the device has 
changed between reads. Because of this, it would be neces- 
sary for a copy of the status to be saved so that the proper 
status can be seen. 


Interrupt Driven Operation 


In this example, the 82C59A Interrupt Controller is being 
used to handle interrupts generated by the 82C52. The 
82C59A then communicates this interrupt information to the 
CPU so that it may be properly serviced. An example of how 
the 82C59A and 82C52 are interfaced to the CPU is shown 
in Figure 15. 


80C88 
DATA BUS 


80C88 
ADDRESS BUS 


FIGURE 15. INTERRUPT DRIVEN SYSTEM 


TABLE 8. ADDRESSING THE 82C52 
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USR ———» Data bus 
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MCR ———» Data bus 
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Introduction 


The Harris 82C59A is a CMOS Priority Interrupt Controller, 
designed to relieve the system CPU from the task of polling 
in a multi-level priority interrupt system. The 82C59A is com- 
patible with microprocessors such as the 80C86, 80C88, 
8086, 8088, 8080/85 and NSC800. 


In the following discussion, we will look at the initialization 
and operation process for the 82C59A. We will focus our 
attention on 80C86/80C88-based systems. However, the 
information presented will also be applicable to use of the 
82C59A in 8080 and 8085-based systems as well. 


Let us look at the sequence of events that occur with the 
82C59A during an interrupt request and service. In an 8080/ 
85 based system: 


(1) One or more of the INTERRUPT REQUEST lines (IRO - 
IR7) are raised high, setting the corresponding bits in 
the Interrupt Request Register (IRR). 


(2) The interrupt is evaluated in the priority resolver. If 
appropriate, an interrupt is sent to the CPU via the INT 
line (pin 17). 


(3) The CPU acknowledges the interrupt by sending a 
pulse on the INTA line. Upon reception of this pulse, the 
82C59A responds by forcing the opcode for a call 
instruction (OCDH) onto the data bus. 


(4) A second INTA pulse is sent from the CPU. At this time, 
the device will respond by placing the lower byte of the 
address of the appropriate service routine onto the data 
bus. This address is derived from ICW1. 


(5) A final (third) pulse of INTA occurs, and the 82C59A 
responds by placing the upper byte of the address onto 
the data bus. This address is taken from |CW2. 


(6) The three byte call instruction is then complete. If the 
AEOI mode has been chosen, the bit set during the first 
INTA pulse in the ISR is reset at the end of the third 
INTA pulse. Otherwise, it will not get reset until an 
appropriate EOI command is issued to the 82C59A. 


For 80C86- and 80C88-based systems: 


(1) and (2) same as above. 


(3) The CPU responds to the interrupt request by pulsing 
the INTA line twice. The first pulse sets the appropriate 
ISR bit and resets the IRR bit while the second pulse 
causes the interrupt vector to be placed on the data bus. 
This byte is composed of the interrupt number in bits 0 
through 2, and bits 3 through 7 are taken from bits 3 - 7 
of ICW2. 


(4) The interrupt sequence is complete. If using the AEOI 
mode, the bit set earlier in the ISR will be reset. Other- 
wise, the interrupt controller will await an appropriate 
EOI command at the end of the interrupt service 
routine. 


1.0 Glossary of Terms for the 82C59A 
1.1 Automatic End of Interrupt (AEOl): 


When the 82C59A is programmed to operate in the 
Automatic EOI mode, the device will produce its own End-of- 
Interrupt (EOI) at the trailing edge of the last Interrupt 
Acknowledge pulse (INTA) from the CPU. Using this mode of 
operation frees the software (service routines) from needing 
to send an EO! manually to the 82C59A. 


However, using the Automatic EOI mode will upset the 
priority structure of the 82C59A. When the AEOI is 
generated, the bit that was set in the In-Service Register 
(ISR) to indicate which interrupt is being serviced, will be 
cleared. Because of this, while an interrupt is being serviced 
there will be no record in the ISR that it is being serviced. 
Unless interrupts are disabled by the CPU, there is a risk 
that interrupt requests of lower or equal priority will interrupt 
the current request being serviced. If this mode of operation 
is not desired, interrupts should not be re-enabled by the 
CPU when executing interrupt service routines. 


1.2 Automatic Rotation: 


During normal operation of the 82C59A, we have an 
assigned order of priorities for the IR lines. There are 
however, instances when it might be useful to assign equal 
priorities to all interrupts. Once a particular interrupt has 
been serviced, all other equal priority interrupts should have 
an opportunity to be serviced before the original peripheral 
can be serviced again. This priority equalization can be 
achieved through Automatic Rotation of priorities. 


Assume, for example, that the assigned priorities of inter- 
rupts has IRO as the highest priority interrupt and IR7 as the 
lowest. Figure 1A shows interrupt requests occurring on IR7 
as well as IR3. Because IR3 is of higher priority, it will be ser- 
viced first. Upon completion of the servicing of IR3, rotation 
occurs and IR3 then becomes the lowest priority interrupt. 
IR4 will now have the highest priority (See Figure 1B). 


There are two methods in which Automatic Rotation can be 
implemented. First, if the 82C59A is operating in the AEOI 
mode as described above, the 82C59A can be programmed 
for “Rotate in Automatic EO! mode”. This is done by writing a 
command word to OCW2. The second method occurs when 
using normal EOls. When an EOI is issued by the service 
routine, the software can specify that rotation be performed. 

IR7 IR6 IR5 IR4 IR 


IR2 IRi- RO 


LOWEST 
PRIORITY 


HIGHEST 
PRIORITY 


FIGURE 1A. IR PRIORITIES (BEFORE ROTATION) 
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IR7 IR6 IR5 IR4 IR3 IR2 IR1_ IRO 


ia Anes es 


LOWEST 
PRIORITY 


HIGHEST 
PRIORITY 


FIGURE 1B. IR PRIORITIES (AFTER ROTATION) 
1.3 Buffered Mode 


When using the 82C59A in a large system, it may be neces- 
sary to use bus buffers to guarantee data integrity and guard 
against bus contention. 


By selecting buffered mode when initializing the device, the 
SP/EN pin (pin 16) will generate an enable signal for the 
buffers whenever the data outputs from the 82C59A are 
active. In this mode, the dual function SP/EN pin can no 
longer be used for specifying whether a particular 82C59A is 
being used as a master or a slave in the system. This 
specification must be made through setting the proper bit in 
ICW4 during the device initialization. 


1.4 Cascade Mode 


More than one 82C59A can be used in a system to expand 
the number of priority interrupts to a maximum of 64 levels 
without adding any additional hardware. This method of 
expansion is known as “cascading”. An example of cascad- 
ing 82C59A is shown in Figure 2. 


In a cascaded interrupt scheme, a single 82C59A is utilized 
as the “master” interrupt controller. As many as 8 “slave” 
82C59As can be connected to the IR inputs of the “master” 
82C59A. Each of these slaves can support up to 8 interrupt 
inputs, yielding 64 possible prioritized interrupts. 


When in cascade mode, the determination of whether a 
device is a master or a slave can take either of two forms. 
The state of the SP/EN pin will select “master” or “slave” 
mode for a device when the buffered mode is not being 
used. Should buffered mode be used, then it is necessary 
that bit D2 (M/S) of I|CW4 be set to indicate if the particular 
82C59A is being used as a “master” or “slave” interrupt 
controller in the system. 


The CASO-2 pins on the interrupt controllers serve to provide 
a private bus for the cascaded 82C59As. These lines allow 
the “master” to inform the slaves which is to be serviced for a 
particular interrupt. 


1.5 End of Interrupt (EOI): 


When an interrupt is recognized and acknowledged by the 
CPU, its corresponding bit will be set in the In-Service Regis- 
ter (ISR). If the AEOI mode is in use, the bit will be cleared 
automatically through the interrupt acknowledge signal from 
the CPU. However, if AEOI is not in effect, it is the task of 
software to notify the 82C59A when servicing of an interrupt 
is completed. This is done by issuing an End-of-Interrupt 
(EOI). 


There are 2 different types of EOls that can be issued to the 
device; non-specific EOI and specific EOI. In most cases, 
when the device is operating in a mode that does not disturb 
the fully nested mode such as Special Fully Nested Mode, 
we will issue a non-specific EOI. This form of the EOI will 
automatically reset the highest priority bit set in the ISR. This 
is because for full nested operation, the highest priority |S bit 
set is the last interrupt level acknowledged and serviced. 


The “specific” EOI is used when the fully nested structure 
has not been preserved. The 82C59A may not be able to 
determine the last level acknowledged. Thus, the software 
must specify which interrupt level is to be reset. This is done 
by issuing a “specific” EOI. 


= on BUS (16) 


TRL BUS 


INT 
REQ 


DATA BUS (8) 


a ile 


CS AO DO-7 


INTA cs AO DO0-7 


a 
CAS 0 
one mop 
CAS 2 
SPN 765 43210 


82C59A SLAVE A 82C59A 


GND 765 43210 


INTA 


SLAVE B 


=a J 


CS AO DO-7 INTA 


CAS 1 
CAS 2 
SP/EN M7 M6 M5 M4 M3 M2 M1 MO 


MASTER 82C59A 


INTERRUPT REQUEST 


FIGURE 2. CASCADING THE 82C59A 


7-17 


APPLICATION 


NOTES 


Application Note 109 


1.6 Fully Nested Mode: 


By default, the 82C59A operates in the Fully Nested Mode. It 
will remain in this mode until it is programmed otherwise. In 
the Fully Nested Mode, interrupts are ordered by priority 
from highest to lowest. Initially, the highest priority level is 
IRO with IR7 having the lowest. This ordering can be 
changed through the use of priority rotation (see 1.2). 


In the Fully Nested Mode, when an interrupt occurs, its 
corresponding bit will get set in the Interrupt Request 
Register (IRR). When the processor acknowledges the 
interrupt, the 82C59A will look to the IRR to determine the 
highest priority interrupt requesting service. The bit in the In- 
service Register (ISR) corresponding to this interrupt will 
then be set. This bit remains set until an EOI is sent to the 
82C59A. 


While an interrupt is being serviced, only higher priority 
interrupts will be allowed to interrupt the current interrupt 
being serviced. However, lower priority interrupts can be 
allowed to interrupt higher priority requests if the 82C59A is 
programmed for operation in the Special Mask Mode. 


When using the 82C59A in an 80C86- or 80C88-based 
system, interrupts will automatically be disabled when the 
processor begins servicing an interrupt request. The current 
address and the state of the flags in the processor will be 
pushed onto the stack. The interrupt-enable flag is then 
cleared. To allow interrupts to occur at this point, the STI 
instruction can be used. Upon exiting the service routine 
using the IRET instruction, execution of the program is 
resumed at the point where the interrupt occurred, and the 
flags are restored to their original values, thus re-enabling 
interrupts. 


A configuration in which the Fully Nested structure is not 
preserved occurs when one or more of the following 
conditions occur: 


(a) The Automatic EOI mode is being used. 
(b) The Special Mask Mode is in use. 


(c) Aslave 82C59A has a master that is not programmed to 
the Special Fully Nested Mode. 


Cases (a) and (b) differ from case (c) in that the 82C59A 
would allow lower priority interrupt requests the opportunity 
to be serviced before higher priority interrupt requests. 


1.7 Master: 


When using multiple 82C59As in a system, one 82C59A has 
control over all other 82C59As. This is known as the “mas- 
ter” interrupt controller. Communication between the master 
and the other (slave) 82C59As occurs via the CASO - 2 lines. 
These lines form a private bus between the multiple 
82C59As. Also, the INT lines from the slaves are routed to 
the master’s IR input pin(s). See Figure 2. 


1.8 Slave: 


A “slave” 82C59A in a system is controlled by a master 
82C59A. There is but one “master” in the system, but there 
can be up to 8 slave 82C59As. The INT outputs from the 
slaves act as inputs to the master through it’s IR inputs. 


Communications between the master and slaves occurs via 
the CASO - 2 lines. See Figure 2. 


1.9 Special Fully Nested Mode: 


The Special Fully Nested Mode (SFNM) is used in a system 
having multiple 82C59As where it is necessary to preserve 
the priority of interrupts within a slave 82C59A. Only the 
master is programmed for the Special Fully Nested Mode 
through ICW4. This mode is similar to the Fully Nested 
Mode with the following exceptions: 


(a) When an interrupt from a particular slave is being 
serviced, additional higher priority interrupts from that 
slave can cause an interrupt to the master. Normally, a 
slave is masked out when its request is in service. 


(b) When exiting the Interrupt Service routine, the software 
should first issue a non-specific EOI to the slave. The 
Inservice Register (ISR) should then be read and 
checked to see if its contents are zero. If the register is 
empty, the software should then write a non-specific 
EO! to the master. Otherwise, a second EOI! need not 
be written because there are interrupts from that slave 
still being processed. 


NOTE: Because the Master 82C59A and its slave 82C59As must be 
in Fully Nested Mode for this mode to be functional, we could not 
utilize Automatic EOls. These would disturb the Fully Nested 
structure, as described in section 1.6. 


1.10 Special Mask Mode: 


The Special Mask Mode is utilized in order to allow interrupts 
from all other levels (higher and lower as well) to interrupt 
the IR level that is currently being serviced. Invoking this 
mode of operation will disturb the fully nested priority struc- 
ture. 


Generally, the Special Mask Mode is selected during the ser- 
vicing of an interrupt. The software should first set the bit 
corresponding to the IR level being serviced, in the Interrupt 
Mask Register (OCW1). The Special Mask Mode and inter- 
rupts should then be enabled. This will allow any of the IR 
levels except for those masked off by OCW1 to interrupt the 
IR level currently being serviced. 


Because this disturbs the Fully Nested Structure, it is 
required that a Specific EOI be issued when servicing inter- 
rupts while the Special Mask Mode is in effect. Before exiting 
the original interrupt routine, the Special Mask Mode should 
be disabled. 


1.11 Specific Rotation: 


By issuing the proper command word to OCW2, the priority 
structure of the 82C59A can be dynamically altered. The 
command word written to OCW2 would specify which is to 
be the lowest priority IR level. 


This specific rotation can be accomplished one of two ways. 
The first is through a specific EOI. The software can specify 
that rotation is to be applied to the IR level provided with the 
EOI. The second method is a simple “set priority” command, 
in which the lowest priority level is specified with the 
command word. 
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2.0 Initialization Control Words 


The following section gives a description of the Initialization 
Control Words (ICW) used for configuring the 82C59A 
Interrupt controller. There are four (4) contro! words used for 
initialization of the 82C59A. These ICWs must be 
programmed in the proper sequence beginning with ICW1. If 
at any time during the course of operation the configuration 
of the 82C59A needs to be changed, the user must again 
write out the control words to the device in their proper order. 
The initialization sequence is shown in Figure 3. 


READY TO ACCEPT 
INTERRUPT REQUESTS 


FIGURE 3. 82C59A INITIALIZATION SEQUENCE 


ICW1: The 82C59A recognizes the first Initialization Control 
Word (ICW) written to it based on two criteria: (1) the AO line 
from the address bus must be a zero, and (2) the D4 bit must 
be a one. If the D4 bit is set to a zero, we would be program- 
ming either OCW2 or OCWS (these are explained later). The 
function of ICW1 is to tell the 82C59A how it is being used in 
the system (i.e. Single or cascaded, edge or level triggered 
interrupts etc.). 


ICW2: This control word is always issued directly after 
ICW1. When addressing this ICW, the AO line from the 
address bus must be a one (high). ICW2 is utilized in 
providing the CPU with information on where to vector to in 
memory when servicing an interrupt. 


ICW3: This control word is issued only if the SNGL (D1) bit 
of the ICW1 has been programmed with a zero. When 
addressing this word, the AO line from the CPU must be high 
(1). This control word is for cascaded 82C59As. It allows the 
master and slave 82C59As to communicate via the CASO-2 
lines. With the master, this word indicates which IR lines 
have slaves connected to them. For the slave 82C59A(s), 
this word indicates to which IR line on the master it is 
connected. 


ICW4: Issuance of this ICW is selectable through the IC4 
(DO) bit of ICW1. If |CW4 is to be written to the 82C59A, AO 
from the CPU must be high (1) when writing to it. This word 
needs to be written only when the 82C59A is operating in 
modes other than the default modes. Instances when we 
would want to write to |CW4 are one or more of the following: 
An 80C86(80C88) processor is being used, buffered outputs 
(DO - D7) are to be used, Automatic EOls are desired, or the 
Special Fully Nested mode is to be used. 


2.1 ICW1: 


ICW1 is the first control word that is written to the 82C59A 
during the initialization process. To access this word, the 
value of AO must be a zero (0) in the addressing, and bit D4 
of ICW1 must be a one (1). The format of the command word 
is as follows: 


t AOD7 D6 D5 D4 D3 D2 Di ODO 


a 


1 = ICW4 NEEDED 
0 = NO ICW4 NEEDED 


1 = SINGLE 
0 = CASCADE MODE 


CALL ADDRESS INTERVAL 
1 = INTERVAL OF 4 
0 = INTERVAL OF 8 


1 = LEVEL TRIGGERED 
MODE 

0 = EDGE TRIGGERED 
MODE 


A7 - A5 OF INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 
Tt AO is an address bit, and not part of the ICW. 


FIGURE 4. ICW1 FORMAT 


D7 thru D5 - A7, A6, A5: These bits are used in the 8080/ 
85 mode to form a portion of the low byte call address. When 
using the 4 byte address interval, all 3 bits are utilized. When 
using the 8 byte interval, only bits A7 and A6 are used. Bit 
A5 becomes a “don’t care” bit. If using an 80C86(80C88) 
system, the value of these bits can be set to either a one or 
zero. 


D3 - LTIM: 


0: The 82C59A will operate in an edge triggered mode. An 
interrupt request on one of the IR lines (IRO - IR7) is 
recognized by a low to high transition on the pin. The IR 
signal must remain high at least until the falling edge of 
the first INTA pulse. Subsequent interrupts on the IR 
pin(s) will not occur until another low-to-high transition 
occurs. 


1: Sets up the 82C59A to operate in the level triggered 
mode. Interrupts occur when a “high” level is detected 
on one or more of the IR pins. The interrupt request 
must be removed from this pin before the EOI command 
is issued by the CPU. Otherwise, the 82C59A will see 
the IR line still in a high state, and consider this to be 
another interrupt request. 


7-19 


APPLICATION 


NOTES 


Application Note 109 


icw1 ICW3 (SLAVE DEVICE) 
AO D7 D6 D5 D4 D3 D2 D1 ODO AO D7 D6 D5 D4 D3 D2 Di DO 


eee] | tees EUR ec 
0 = NO ICW4 NEEDED 
0 = CASCADE MODE 
CALL ADDRESS INTERVAL 


1 = INTERVAL OF 4 
0 = INTERVAL OF 8 


SLAVE ID (NOTE) 


1 = LEVEL TRIGGERED 
MODE 


0 = EDGE TRIGGERED 
MODE 


ICW4 
AT AS ‘OF INTERRUPT AO D7 D6 DS D4 D3 D2 Di DO 
(MCS-80/85 MODE ONLY) }1] 0 | 0 | 0 JSFNM|BUF/ M/S|AEO!| .PM | 


AO D7 D6 D5 D4 D3 OD2 D1 DO 


1 A Ate [5] ra] 73] 10] 491 AB | A15 - A8 OF INTERRUPT 


VECTOR ADDRESS 


1 = 8086/8088 MODE 
0 = MCS-80/85 MODE 


(MCS80/85 MODE) 1 = AUTO EOI 
T7 - T3 OF INTERRUPT 0 = NORMAL EO! 
VECTOR ADDRESS 


(8086/8088 MODE) 


[oT] x]-NON BUFFERED MODE 
Ti [0- [BUFFERED MODESLAVE _| 
caEE 


- BUFFERED MODE/MASTER 


ICW3 (MASTER DEVICE) 
AO D7 D6 D5 D4 D3 D2 D1 DO 


9 | s7| 88] s5 84] s3 | s2/ $1 | so) 
Ft tT ft ft] ft NESTED MODE 
NOTE: Slave ID is equal to the corresponding master IR input. 


FIGURE 5. 82C59A INITIALIZATION COMMAND WORD FORMAT 


1 = SPECIAL FULLY 
NESTED MODE 


0 = NOT SPECIAL FULLY 


1 =IR INPUT HAS A SLAVE 


0 = IR INPUT DOES NOT 
HAVE A SLAVE 


ocw1 OCcW3 
AO D7 D6 D5 D4 D3 D2 D1 DO AO D7 D6 D5 D4 D3 D2 D1 DO 


[se oe [es [nei a Cd a snes Bd Ba aa 


INTERRUPT MASK 


1 = MASK SET 
READ REGISTER COMMAND 


0 = MASK RESET 


Oocw2 
AO D7 D6 D5 D4 D3 D2 D1 DO 


IR LEVEL TO BE 
ACTED UPON 


1 = POLL COMMAND 
0 = NO POLL COMMAND 


SPECIAL MASK MODE 


RESET SET 
SPECIAL |SPECIAL 
MASK | MASK 


SPECIFIC ROTATION 
| 0 | 1 [0] NO OPERATION * LO - L2 are used. 
FIGURE 6. 82C59A OPERATION COMMAND WORD FORMAT 
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D2 - ADI: Call Address Interval (for 8080/8085 use only). If 
using the 82C59A in an 80C86/88 based system, the value 
of this bit can be either a O or 1. 


0: The address interval generated by the 82C59A is 8 
bytes. This option provides compatibility with the RST 
interrupt vectoring in 8080/8085 systems since the vec- 
tor locations are 8 bytes apart. This vector will be com- 
bined with the values specified in bits D7 and D6 of 
ICW1. The addresses generated are shown in Table 1. 


TABLE 1. ADDRESS INTERVAL (8 BYTES) 


1: The address interval generated by the interrupt controller 
will be 4 bytes. This provides the user with a compact 
jump table for 8080/8085 systems. The interrupt number 
is effectively multiplied by four and combined with bits D7, 
D6, and D5 to form the lower byte of the call instruction 
generated and sent to the 8080 and 8085. Table 2 shows 
how these addresses are generated for the various inter- 
rupt request (IR) levels. 


TABLE 2. ADDRESS INTERVAL (4 BYTES) 
D7 D6 DS 


IR5 
Ee 
IR3 


A 
pape Peto pele fe fe jin 


D1 - SNGL: 


0: This tells the 82C59A that more than one 82C59A is 
being used in the system, and it should expect to 
receive ICW3 following ICW2. How the particular 
82C59A is being used in the system will be determined 
either through ICW4 for buffered mode, or through the 
SP/EN pin for non-buffered mode operation. 


1: Tells the 82C59A that it is being used alone in the 
system. Therefore, there will be no need to issue ICW3 
to the device. 


DO - IC4: Specifies to the 82C59A whether or not it can 
expect to receive ICW4. If this device is being used in an 
80C86/80C88 system, |CW4 must be issued. 


0: ICW4 will not be issued. Therefore, all of the parameters 
associated with ICW4 will default to the zero (0) state. 
This should only be done when using the 82C59A in an 
8080 or 8085 based system. 


1: ICW4 will be issued to the 82C59A. 


2.2 ICW2: 


ICW2 is the second control word that must be sent to the 
82C59A. This byte is used in one of two ways by the 
82C59A, depending on whether it is being used in an 8080/ 
85 or an 80C86/88 based system. 


When used in conjunction with the 8080/85 microprocessor, 
the value given to this register is taken as being the high byte 
of the address in the CALL instruction sent to the CPU. 


D7 D6 D5 D4 D3 D2 D1 DO 

FIGURE 7. ICW2 FORMAT 
In an 80C86- or 80C88-based system, ICW2 is used to send 
the processor an interrupt vector. This vector is formed by 
taking the value of bits D7 through D3 and combining them 
with the interrupt request level to get an eight bit number. 
The processor will multiply this number by four and go to that 
absolute location in memory to find a starting address for the 
interrupt service routine corresponding to the interrupt 
request. 


For example, if we set |CW2 to “00011000” and an interrupt 
is recognized on |IR1, the vector sent to the 80C86(80C88) 
will be 00011001 (19H). The processor will then look to the 
memory location 64H to find the starting address of the cor- 
responding interrupt service routine. It is the responsibility of 
the software to provide this address in the interrupt table. 


D7 D6 D5 D4 D3 D2 D1 DO 
FIGURE 8. ICW2 FORMAT (80C86 MODE) 


2.3 ICW3: 


ICW3 is only issued when the SNGL bit in ICW1 has been 
set to zero. If not set, the next word written to the 82C59A 
will be interpreted as ICW4 if AO = 1 and IC4 from ICW4 was 
set to one, or it could see it as one of the Operation 
Command Words based upon the state of the AO line. 


Like |CW2, this control word can be interpreted in two ways 
by the 82C59A. However the interpretation of this word 
depends on whether the 82C59A is being used as a “mas- 
ter’ or “slave” in the system. The definition of the particular 
device's role in the system is assigned through ICW4 (which 
will be discussed later), or through the state of the SP/EN pin 
(pin 16). 
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82C59A as a MASTER: 


If a given 82C59A is being used as a master, the eight (8) 
bits in this command word are used to indicate which of the 
IR lines are being driven by a slave 82C59A. 


D7 D6 D5 D4 D3 D2 D1 DO 
T= =T=7 = T= Taye 
FIGURE 9. ICW3 FORMAT (MASTER) 


D7 thru DO: 


0: The corresponding IR line to this bit is not being driven 
by a slave 82C59A. This line can however then be con- 
nected to the interrupt output of another interrupting 
device such as a UART. If there are unused bits in this 
byte because not all eight of the IR lines are used, set 
them to zero. 


1: The corresponding IR line to this bit is being driven by a 
slave 82C59A. 


The bits in this command word are directly related to the IR 
lines. For example, to tell the 82C59A that there is a slave 
device connected to IR5 (pin 23), bit D5 of the command 
word should be set to a one (1). 


82C59A as a SLAVE device: 


When the device is being used as a slave device, we must 
use ICWS to inform itself as to which IR line it will be con- 
nected to in the master. Therefore, only the three (3) least 
significant bits of ICW3 will be used to specify this value. 


D7 D6 D5 D4 D3 D2 D1 DO 
pee ee 


FIGURE 10. ICW3 FORMAT (SLAVE) 


These bits are coded as follows: 
TABLE 3. SLAVE IDENTIFICATION WITH ICW3 


ae a 


For example, if the INT output of a “slave” 82C59A is con- 
nected to the input pin IR5 on the “master” 82C59A, ICW3 of 
the “slave” would be programmed with the value 00000101b, 
or O5H. This informs the “slave” as to which priority level it 
holds with the “master”. 


D7 thru D3: These bits must be set to zeros (0) for proper 
operation of the device. 


2.4 ICW4: 


This control register is written to only when the IC4 bit is set 
in |CW1. The purpose of this command word is to set up the 
82C59A to operate in a mode other than the default mode of 
operation. The default mode of operation is the same as if a 
value of OOH were to be written to ICW4 (i.e. all bits set to 
zero). 


AO D7 D6 DS D4 D3 D2 ODI 


Te] [= prensoruelpeoy 


1 = 8086/8088 MODE 
0 = MCS-80/85 MODE 


1 = AUTO EOI 
0 = NORMAL EOI 


[oT] X]-NON BUFFERED MODE 
"1 [0 [- BUFFERED MODEISLAVE 
C7 [BUFFERED MODEMASTER_ 


1 = SPECIAL FULLY 
NESTED MODE 


0 = NOT SPECIAL FULLY 
NESTED MODE 


FIGURE 11. ICW4 FORMAT 


D7 thru D5: These bits must be set to zero for proper 
operation. 


D4-SFNM: This bit is used in the selection of the Special 
Fully Nested Mode (SFNM) of operation. This mode should 
only be used when multiple 82C59As are cascaded in a 
system. It needs only to be programmed in the Master 
82C59A in the system. 


0: Special Fully Nested Mode is not selected. 
1: Special Fully Nested Mode is selected. 


D3 - BUF: This bit tells the 82C59A whether or not the 
outputs from the data pins (DO - D7) will be buffered. If they 
are buffered, this bit will cause the SP/EN pin to become an 
output signal that can be used to control the “enable” pin on 
a buffering device(s). 


0: The device will be used in a non-buffered mode. 
Therefore, (1) the M/S bit in I|CW4 is a don’t care, and 
(2) the SP/EN pin becomes an input pin telling the 
device if it is being used as a master (pin 16 = High) or a 
slave (pin 16 = low). For systems using a single 
82C59A, the SP/EN input should be tied high. 


1: The device is used in buffered mode. An enable output 
signal will be generated on pin 16, and the M/S bit will 
be used for determining whether the particular 82C59A 
is a “master” or a “slave”. 


7-22 


Application Note 109 


D2 - W/S: This bit is of significance only when the BUF bit is 
set (BUF =1). The purpose of this bit is to determine whether 
the particular 82C59A is being used as a “master” or a 
“slave” in the target system. 


0: The 82CS59A is being used as slave. 


1: The 82C59A is the master interrupt controller in the 
system. 


D1 - AEOI: This bit is used to tell the 82C59A to automati- 
cally perform a non-specific End-of-Interrupt on the trailing 
edge of the last Interrupt Acknowledge pulse. Users should 
note that when this is selected, the nested priority interrupt 
structure is lost. 


0: Automatic End-of-interrupt will not be generated. 


1: Automatic End-of-Interrupt will be generated on the 
trailing edge of the last Interrupt Acknowledge pulse. 


DO - PM: This bit tells the Interrupt Controller which 
microprocessor is being used in the system. An 8080/8085, 
or an 80C86/80C88. 


0: The 82C59A will be used in an 8080/8085 based 
system. 


1: 82C59A to be used in the 80C86/88 mode of operation. 


3.0 Operation Command Words 


Once the Initialization Command Words, described in the 
previous section, have been written to the 82C59A, the 
device is ready to accept interrupt requests. While the 
82C59A is operating, we have the ability to select various 
options that will put the device in different operating modes, 
by writing Operation Command Words (OCWs) to the 
82C59A. These OCWs can be sent at any time after the 
device has been initialized and in any order. These words 
can be changed at any time as well. Note: If AO = 0 and D4 
of the command word = 1, the 82C59A will begin the ICW 
initialization sequence. 


There are three different OCWs for the 82C59A. Each has a 
different purpose. The first control word (OCW1) is used for 
masking out interrupt lines that are to be inactive or ignored 
during operation. OCW2 is used to select from various prior- 
ity resolution algorithms in the device. Finally, OCW3 is used 
for (1) controlling the Special Mask Mode, and (2) telling the 
82C59A which Register will be read on the next RD pulse; 
the ISR (In-service Register) or the IRR (interrupt Request 
Register). 


3.1 OCW1: 


This control word is used to set or clear the masking of the 
eight (8) interrupt lines input to the 82C59A. This control 
word performs this function via the Interrupt Mask Register 
(IMR). In it’s initial state, the value of this register is OOH. In 
other words, all of the interrupt lines are enabled. Therefore, 
we need only write this control word when we wish to disable 
specific interrupt lines. 


A direct mapping occurs between the bits in this control word 
and the actual interrupt pins on the device. For example bit 7 
(D7) controls interrupt line IR7 (pin 25), bit 6 controls IR6, 
and so on. 


AO D7 D6 D5 D4 D3 D2 D1 DO 


Bedi fal bead Fle eal od INTERRUPT MASK 
OO 


0 = MASK RESET 


FIGURE 12. OCW1 FORMAT 


Even though the user can mask off any of the IR lines, any 
interrupt occurring during that time will not be lost. The 
request for an interrupt is retained in the IRR; therefore when 
that IR is unmasked by issuing a new mask value to OCW1, 
the interrupt will be generated when it becomes the highest 
requesting priority. 


D7 thru DO: 


0: When any of the bits in the control word are reset (0), 
the corresponding interrupt is enabled. 


1: By setting a bit(s) to a one in the control word, the corre- 
sponding interrupt line(s) is disabled. 


For example, if the value 34H (00110100b) were written to 
OCW1, interrupts would be disabled from being serviced on 
lines IR2, IR4, and IR5. 


3.2 OCW2: 


In ICW4 bit D1 was used to specify whether the 82C59A 
should wait for an EOI (End of Interrupt) from the CPU, or 
generate its own EO! (Automatic EOl). If bit D1 of ICW4 had 
been programmed to be zero, OCW2 would be used for 
sending the EO! to the 82C59A. Conversely, if this bit had 
been set to a one, OCW2 would be used for specifying 
whether or not the 82C59A should perform a priority rotation 
on the interrupts when the AEOI is detected. 


OCW2 has several EOI options. The EO! issued can be 
either specific or non-specific. For each of these EOls, the 
user can specify whether or not priority rotation should be 
performed. 


D7 D6 D5 D4 D3 D2 D1 DO 
Ra Cab ae ee ee ee 
FIGURE 13. 


R, SL, and EOI: 


These three bits are used for specifying how the device 
should handle AEOls, or for issuing one of several different 
EOls. They are programmed as shown in the following table: 
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TABLE 4. ROTATE AND EOI MODES 


Non-specific EO] command 
*Specific EO| command 
Rotate on non-specific EO! command 
Rotate in Automatic EOI mode (set) 
Rotate in Automatic EOI mode (clear) 
*Rotate on specific EO| command 
*Set priority command 


No operation 


* LO - L2 are used. 


L2, L1, and LO: 


These three bits of the control word are used in conjunction 
with the issuance of specific EOls or when specifically estab- 
lishing a different priority structure. The bits tell the 82C59A 
which interrupt level is to be acted upon. Therefore, the soft- 
ware needs to know which interrupt is being serviced by the 
82C59A 


TABLE 5. INTERRUPT LEVEL TO ACT UPON 


IR level 0 
IR level 1 
IR level 2 
IR level 3 
IR level 4 
IR level 5 
IR level 6 


IR level 7 


3.3 OCW3: 


There are two main functions that OCWS controls: (1) Inter- 
rupt Status, and (2) Interrupt Masking. Interrupt status can 
be checked by looking at the ISR or IRR registers, or by issu- 
ing a Poll Command to manually identify the highest priority 
interrupt requesting service. 


D7 D6 D5 D4 D3 D2 D1 DO 
LS eee 


FIGURE 14. 


D7: Must be set to zero for proper operation of the 82C59A. 


D6 - ESMM: Enable Special Mask Mode - The ESMM bit 
when enabled allows the SMM bit to set or clear the Special 
Mask Mode. When disabled this bit causes the SMM bit to 
have no effect on the 82C59A. 


0: Disables the effect of the SMM bit. 
1: Enable the SMM bit to control the Special Mask Mode. 


D5 - SMM: Special Mask Mode - The SMM bit is used to 
enable or disable the Special Mask Mode. This bit will only 
affect the 82C59A when the ESMM bit is set to 1. 


0: Disable the Special Mask Mode. 
1: Put the 82C59A into the Special Mask Mode. 


D4, D3: These bits are used to differentiate between 
OCW2, OCW3, and ICW1. To properly select OCW3, D4 
must be set to zero and D3 must be set to one. 


D2 - P: Poll Command - This bit is used to issue the poll 
command to the 82C59A. The next read of the 82C59A will 
cause a poll word to be returned which tells if an interrupt is 
pending, and if so, which is the highest requesting level. 


Note: The poll command must be issued each time the poll 
operation is desired. 


0: No poll command issued to the 82C59A. 
1: Issue the poll command. 


D1 - RR: Read Register - This bit is used to execute the 
“read register’ command. When this bit is set, the 82C59A 
will look at the RIS bit to determine whether the ISR or IRR 
register is to be read. When issuing this command, the next 
instruction executed by the CPU should be an input from this 
same port to get the contents of the specified register. 


0: No “Read Register’ command will be performed. 


1: The next input instruction by the CPU will read either the 
contents of the ISR or the IRR as specified by the RIS 
bit. 


DO - RIS: This bit is used in conjunction with the RR bit to 
select which register is to be read when the “Read Register” 
command is issued. 


0: The next input instruction will read the contents of the 
Interrupt Request Register (IRR). 


1: The next input instruction will read the contents of the 
In-Service Register (ISR). 


The two registers that can be accessed through the Read 
Register command are used to determine which interrupts 
are requesting service, and which one(s) are currently being 
serviced. 


The IRR bits get set when corresponding Interrupt requests 
are received. For instance, when IR4 is detected, bit D4 of 
the IRR will get set. When an interrupt acknowledge comes 
back from the CPU, the priority resolution logic will deter- 
mine which interrupt request will be serviced. The corre- 
sponding bit in the In-service Register (ISR) will then be set. 
Clearing of the correct bits in the ISR occurs through out use 
of the AEOI, or by issuing an EOI to the device. 
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4.0 Addressing the 82C59A 


There are two factors that must be taken into account when 
addressing the 82C59A in a system. To begin with, the 
82C59A is accessed only when the CS pin (chip select) sees 
an active signal (low). This signal is generated using control 
circuitry in the system. Secondly, the various registers within 
the 82C59A are selected based upon the state of the AO 
(address pin) as well as specific bits in the command words 
(i.e. for |CW1, OCW2, and OCW3 AO must be a zero). 


The circuit in Figure 15 shows that the CS signal is gener- 
ated using an HPL-82C338 Programmable Chip Select 
Decoder (PCSD). This device is being used as a 3-to-8 
decoder. Note that the G1 input is active high and G2 thru 
G5 have been programmed to be active low. The A, B, and C 
inputs to the 82C338 correspond to address lines AD2, AD3, 
and AD4 respectively, from the 80C88. The AO input to the 
82C59A is also taken from the CPUs address bus: ADO is 


used. It should be noted that address line AD1 from the 
80C88 is not being used in the addressing of this particular 
peripheral. This is done to allow other peripheral devices 
that require two address inputs for internal register selection, 
to use address lines ADO and AD1 from the processor. 


Because the AD1 address line from the 80C88 is not being 
used, the 82C59A will be addressed regardless of whether 
AD1 is high or low (1 or 0). The remainder of the address 
lines from the 80C88 can either be a zero or one when 
addressing the 82C59A. For the examples to be presented, 
it can be assumed that all unused address lines will be set to 
zero when addressing the 82C59A. 


In Figure 15, output Y6 from the HPL-82C338 is being used 
as the CS input to the 82C59A. This line is enabled when the 
inputs on A, B, and C are: A = 0, B = 1, and C = 1. Combin- 
ing this with the AO input to the 82C59A, we get the 
addresses 18H and 19H for accessing the 82C59A. 


80C88 DATA BUS 


anne |e 
G1 
G2 

GND —4—»] G3 

Ga 

goces _—>} G5 
CONTROL c 

BUS BoA 
AD4 AD3AD2 


82C338 
Y6 


82C59A 


vcc 


2KQ 


80C88 DATA BUS ADO 


FIGURE 15. ADDRESSING THE 82C59A 
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5.0 Programming the 82C59A 


As described earlier, there are two different types of 
command words that are used for controlling 82C59A opera- 
tion; the Initialization Command Words (ICWs) and the 
Operation Command Words (OCWs). To properly program 
the 82C59A, it is essential that the |CWs be written first. 
When writing the ICWs to the 82C59A, they must be written 
in the following sequence: 


(1) Write ICW1 to the 82C59A, AO = 0. 
(2) Write ICW2 to the 82C59A, AO = 1. 


(3) If using cascaded 82C59As in system, write ICW3 to the 
82C59A, AO = 1. 
(4) If 1C4 bit was set in ICW1, write ICW4 to the 82C59A. 


NOTE: When using multiple 82C59As in the system (cascaded), 

each one must be initialized following the above sequence. 
Once the 82C59A(s) has been configured through the ICWs, 
the OCWs can be used to select from the various operation 


mode options. These include: masking of interrupt lines, 
selection of priority rotation, issuance of EOls, reading of the 
ISR and/or IRR etc. These OCWs can be written to the 
82C59A at any time during operation of the 82C59A. The 
various command words are identified by the state of 
selected bits in the words, rather than by the sequence that 
they are written to the 82C59A; as with the ICWs. Therefore, 
it is imperative that the fixed bit values in the command 
words be written as such to insure proper operation of the 
device(s). 


5.1 Example 1: Single 82C59A 


In Example 1, we are using a single 82C59A in a system to 
handle the interrupts caused by an 82C52 Programmable 
UART. The system is driven using a 80C86 microprocessor. 
The system configuration is shown in Figure 16. 


Interrupts are initiated by the 82C52 anytime it receives data 
on its Serial Data in pin (SDI), or when it is ready to transmit 
more data via its Serial Data Out pin (SDO). 


82C59A 
ADO 
AD2 
cap — Je 
AD4 c 
DECODER cs DR 
ADO AO a 
AD1 Al DSR 
INTR 
82C52 
80C86 80C86 
ADDRESS DATA 
BUS BUS 


FIGURE 16. EXAMPLE 1: SINGLE 82C59A 
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5.2 Example 2: Cascaded 82C59As 


Example 2 illustrates how we can use multiple 82C59As in 
Cascade Mode. Figure 17 shows the interconnections 
between the master and slave interrupt controllers. In this 
example, only one interrupt can occur. This is generated by 


INTA 


MASTER 
82C59A 


ADO 


DECODER 


the 82C52 UART. Except for the fact that this system is 
configured with a Master-Slave interrupt scheme, it is the 
same as that in Example 1. 


SLAVE 
82C59A 


ADO 
AD1 


FIGURE 17. EXAMPLE 2: CASCADED 82C59As 
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6.0 Expansion Past 64 Interrupts 


In some instances, it may be desirable to expand the number 
of available interrupts in a system past the maximum of 64 
imposed when using cascaded 82C59As. The easiest way 
to accomplish this is through the use of the Poll command 
with the 82C59A. Figure 18 illustrates one example of how 
this expansion can be accomplished. Notice that we are 
using two 3 - to -8 decoders to address up to 16 82C59As. 
Selection of which decoder is active takes place using the 
OE pin driven by AD5 from the CPU’s address bus. 


With this type of interrupt structure, we are not using the INT 
and INTA lines from our processor (80C88 for this example). 
Because of this, no interrupts will break execution of the 


DECODER 
AD2 - AD4 


AD5 


DECODER 


system software. Therefore, it is the task of the software to 
poll the various 82C59As in the system to see if any inter- 
rupts are pending. Once it has been established which inter- 
rupt requires servicing, the software can take appropriate 
action. 


There are disadvantages to using the poll mode for the 
systems interrupt structure: (1) the overhead of polling each 
of the 82C59As reduces the systems efficiency, and (2) 
realtime interrupt servicing cannot be guaranteed. 


There are several advantages to using the poll mode in this 
manner: (1) there can be more than 64 priority interrupts in 
the system, and (2) memory in the system is freed because 
no interrupt vector table is required. 


82C59A 
: IRO-IR7 
82C59A 
IRO-IR7 
e 
e 
e 
82C59A 
: IRO-IR7 
82C59A 
: IRO-IR7 
82CS59A 
; IRO-IR7 


ADO 


FIGURE 18. EXPANDING PAST 64 INTERRUPTS 
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Harris 80C286 Performance Advantages Over the 80386 


Author: Ted Dimbero 


Introduction 


The Harris 80C286, operating at the same frequency as the 
80386, has performance advantages over the 80386 when 
executing 16-bit industry standard 80C86 or 80C286 code. 
This is evident in the following areas: 


(1) Input/Output Handling 
) Interrupt Handling 


) 286 Protected Mode Systems 


(2 
(3) Control Transfer (Loop, Jump, Call) 
(4 
(5 


) Multi-Tasking and Task Switching Operations. 


This advantage is due to the 80C286 requirement of fewer 
clock cycles to execute the same instructions. In addition to 
these areas, the 80C286 executes many other instructions in 
the same number of clock cycles as the 80386. 


This results in an 80C286 performance advantage in areas 
including: 
¢ Multi-Tasking Systems. 


¢ Control Applications - interrupt and I/O 


instructions. 


utilizing 


Structured Software - utilizing many Control transfer 
instructions. 


Operating Systems that rely on interrupts to perform 
functions. 


Upgrading 16-bit increased 


performance. 


The 80C286 can be effectively used as a fast 80C86. 
However, the 80386 is not a fast 80C286. This study shows 
that software written for the 80C86/80C286 can execute 
more efficiently on the 80C286 than on the 80386. There is 
not significant performance advantage to be gained by 
simply moving a system design from an 80C286 to an 80386 
at either 16MHz or 20MHz. The 80C286 is the processor 
best suited for executing 16-bit 80C86/80C286 code, which 
represents the world’s largest base of microprocessor 
software. 


80C86 applications for 


Copyright © Harris Corporation 1997 


Architecture Background 


The 80C286 Harris’ newest static CMOS microprocessor 
combines low operating and standby power with high 
performance. The Harris 80C286 is available in speeds of 
12.5MHz, 16MHz, 20MHz and 25MHz. 


The 80C286 evolved from the industry standard 80C86 
microprocessor. The 80C286 has _ vast architectural 
enhancements over its predecessor that allow the 80C286 to 
execute the same code with a significant performance 
increase. Disregarding the clock speed increase, when 
upgrading from an 80C86 to an 80C286, the 80C286 can 
execute the same code with an increase in throughput of up 
to 4 times that of the 80C86. This increase is solely due to 
the architectural enhancements. 


It is common belief that replacing an 80C286 with the 32-bit 
80386 microprocessor will yield similar performance 
increases. This is not the case. The new architecture gives 
the 80386 32-bit capability and increased protection 
features, but it does not significantly increase the throughput 
of a 16-bit 8086 or 80286 code. In most cases, when 
executing industry standard 8086 or 80286 code, replacing 
the 80C286 with an 80386 does not result in a significant 
performance increase. In some cases, such a replacement 
will actually cause a performance degradation. 


Figure 1 illustrates a comparison of the number of clock 
cycles needed to execute several instructions available on all 
three microprocessors (80C86, 80C286, and 80386). This 
illustrates the dramatic effect of 80C286 architectural 
enhancements on performance when compared to the 
80C86 and the lack of similar performance improvement 
when executing 8086/80286 code on the 80386. 


With an 80C86 to 80C286 upgrade, system designers can 
execute existing 8086 code on the 80C286 and take 
advantage of an immediate performance upgrade. This 
same benefit is not realized when switching from an 80C286 
to an 80386. This comparison illustrates that changing from 
an 80C286 to an 80386 does not yield throughput when 
executing the same industry standard 80C86/80C286 code 
(the world’s largest base of microprocessor software). 
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FIGURE 1. ARCHITECTURAL COMPARISON 


Instruction Comparison 


The Appendix in this document illustrates a direct compari- 
son of the number of clock cycles needed to execute the 
same instructions on the 80C286 and the 80386. The table 
includes examples of instruction timing for all instructions 
available on both processors. Several addressing modes of 
each instruction type are included. 


Of the 190 instruction examples analyzed, 74 of the 
instructions execute faster on the 80C286 than on the 
80386; 66 of the instructions analyzed execute in the same 
number of clock cycles on both processors. This leaves only 
50 instructions with improved performance on the 80386 
(See Figure 2). Over 70% of the instructions analyzed 
execute as fast or faster on the 80C286 than on the 80386. 


80C286 
FASTER THAN 


80C286 
EQUAL TO 
80386 


x 80386 
SSO FASTER THAN 
Xo —«- 80286 

¢ 


FIGURE 2. EXECUTION SPEED COMPARISON (NUMBER OF 
INSTRUCTIONS) 


This is vastly different than the previous 86-286 upgrade. 
With that upgrade, the 80C286 exhibits equal or better per- 
formance than the 80C86 with 100% of the instructions. This 
clearly indicates the 80C286 is the processor best suited for 
executing industry standard 8086 family code. 


The following discussion groups each of the instructions into 
one of several categories to analyze which applications will 
benefit from utilizing the 80C286. The categories used are: 


¢ Jumps, Calls, Returns and Loops (Real Mode) 

e |/O Instructions 

e Logic, Arithmetic, 
Instructions 

e Interrupts 

¢ Miscellaneous Instructions 

¢ Protected Mode/Multi-Tasking Instructions 


Data Transfer, Shift and Rotate 


Jumps, Calls, and Loops 


In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the same 
number of clock cycles to execute on the 80C286 and the 
80386. Since the segment sizes are larger on the 80386, the 
near transfer instructions on the 80386 can transfer a greater 
distance. 


The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectively. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
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on the 80C286 and are discussed in the section on Pro- 
tected Mode. 


The loop instruction is three clock cycles faster on the 
80C286 than the 80386. Thus, the 80C286 would save 300 
clock cycles over the 386 if a LOOP instruction were 
executed 100 times. 


[ascaae [WONT was 


INSTRUCTION 


I/O Instructions 


The 80C286 has significant advantage with the I/O 
instructions. The IN instruction is almost 2 1/2 times faster 
on the 80C286; the 80386 takes 7 extra clock cycles to exe- 
cute the same instruction. The OUT instruction is over 3 
times faster on the 80C286; again the 80386 takes 7 extra 
clock cycles to execute the same instruction. Executing the |/ 
O instructions on the 80386 is equivalent to executing on the 
80C286 with 7 wait states. 


The string I/O instructions (INS and OUTS) are also signifi- 
cantly faster on the 80C286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input and output a large 
block of data using the REP prefix. Inputing 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputing 100 words with the REP OUTS instruc- 
tion. In this case, the 80C286 is 800 clock cycles faster than 
the 80386. 


ADVANTAGE 
INSTRUCTION 80C286 | NONE | 80386 


Logic, Arithmetic, Data Transfer, Shift and 
Rotate Instructions 


Most forms of logic, arithmetic, and data transfer instructions 
execute in the same number of clock cycles on both 
processors. Certain operand combinations of these instruc- 
tions (immediate to register for example) take one extra 
clock to execute on the 80C286. 


In real mode, the segment register transfer instructions exe- 
cute as fast or faster on the 80C286 than they do on the 
80386. For example, using the POP instruction to transfer 
data into a segment register is 2 clock cycles faster on the 
80C 286. 


Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 


The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to execute 
the multiply instruction on the 80386 is data dependent; the 
number of clocks to execute the same instruction on the 
80C286 is fixed. On average, the multiply instruction is five 
clock cycles faster on the 80386, but depending on the data, 
the 80386 could be as many as 4 clock cycles slower the 
80C286. 


The rotate and shift instructions are faster on the 80386. 
Unlike the 80C286, the 80386 rotate and shift instructions do 
not depend on the number of bits to be shifted or rotated. 
Thus, the 80386 has the advantage with multi-bit rotate and 
shift instructions. The 80C286 does, however, execute single 
bit rotate and shift instructions faster. 


ADVANTAGE 
INSTRUCTION 80C286 80386 


Certain Operand Combinations 
of Logic and Arithmetic 


Divide 


String Instructions 


Interrupt Instructions 


Interrupts are serviced more quickly on the 80C286. The INT 
instruction, in real mode, executes 14 cycles faster on the 
80C286 than it does on the 80386. The INTO, BOUND, and 
other instructions that can cause an interrupt all benefit from 
the faster interrupt handling features of the 80C286. The 
return from interrupt instruction (IRET) is 7 clock cycles 
faster on the 80C286. The PUSHA and POPA instructions, 
frequently used by interrupt handling procedures, are both 
faster on the 80C286. Protected Mode interrupt handling is 
discussed in the Protected Mode section. 


Miscellaneous Instructions 


The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWD instruction all 
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execute in the same number of cycles on both processors. 
The ENTER, LEAVE, and BOUND instructions are from 1 to 
3 cycles faster on the 80386. The BOUND instruction is only 
faster if an interrupt is not caused by the instruction. 


ADVANTAGE 
INSTRUCTION 800286 | NONE 80386 
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Protected Mode/Multi-Tasking 


When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386. Task switching 
operations execute 100 to 113 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results in a very 
significant performance increase for systems utilizing the 
multi-tasking features. 


Inter-segment JMP, CALL and segment loading instructions 
also operate faster on the 80C286. The 80C286 saves any- 
where from 4 to 11 clock cycles depending on the particular 
inter-segment transfer instruction. In protected mode, the 
inter-segment return is also faster on the 80C286. The 
80C 286 is 7 clock cycles faster when executing an inter-seg- 
ment return to the same privilege level and is 13 cycles 
faster on inter-segment returns to a different privilege level. 


The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The 
instruction to switch the processor to protected mode 
(LMSW) is 7 cycles faster on the 80C286. 


Most of the 80286 protected mode access checking instruc- 
tions operate as fast or faster on the 80C286 than on the 
80386. The LAR instruction is one clock cycle faster on the 
80C286 and the LSL instruction is 5 clock cycles faster. The 
VERW instruction executes in the same speed on both pro- 
cessors and the VERR is 5 cycles faster on the 80386. The 
ARPL instruction used in protected mode procedures for 
pointer validation is 10 clock cycles faster on the 80C286. 


ADVANTAGE 
INSTRUCTION 
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Subroutine Analysis 


This section lists several subroutines and then compares the 
number of clock cycles each subroutine will take to execute 
on the 80C286 and on the 80386. 


Example 1 


This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 
determine if it is busy. If it is busy, the routine loops until the 
UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock cycle analysis 
for the OUT_CHAR routine. 


This sample procedure executes about 25% faster on the 
80C286 than on the 386. The advantage is realized through 
the 80C286’s faster interrupt handling and faster 1/O 
instructions. 


800286 80386 
CLOCK CYCLES | CLOCK CYCLES OUT_CHARACTER PROC NEAR 
4 


PUSHF 

PUSH AX 

IN AL, PORT_STATUS 
CMP AL, BUSY 

JE CK_STATUS 

POP AX 

OUT OUT_PORT, AL 
POPF 

IRET 

INT x 


CK_STATUS: 


; save caller's flags. 

; save data to be output. 
; Input UART status. 

; Check If UART Busy. 

; If busy go check again. 
; If not busy restore AX 

; and output cata. 

; Restore Flags 

; Return. 

; Instruction to initiate OUTCHAR 
; Interrupt. 


Total cycles if UART not busy. 


Number of cycles added for each loop while UART is busy. 


EXAMPLE 1. 
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Example 2 


The second example outputs and entire string of characters 
using the previous interrupt routine (denoted by “INT x” in 
the code below). The DS:S! registers point to the beginning 
of the string to be output. The string is variable in length and 
must be terminated with the “$” character. 


80C286 
CLOCK CYCLES 


RET 


Call OUT_STRING 


79+91/char 91+121/char 


To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386 would 
take 2,511 cycles. Each time a string of 20 characters is 
output, the 80C286 will save 612 clock cycles; an 80C286 
performance increase of almost 25%. The advantage is 
realized through the 80C286’s faster interrupt handling, 
faster I/O instructions, faster FAR transfer instructions and 
faster register saving and restoring instructions. 


80386 
CLOCK CYCLES OUT_STRING PROC FAR 


PUSHA 
LODSB 
CMP AL, “$” 
JE done 
INT x 

JMP next 
POPA 


; Save Caller’s registers. 

; Load first char to be output. 

; Check to see if End of string. 

; If end then go to DONE. 

; If not end output character. 

; Go get next char to output. 

; Restore Registers when done. 
; Far Return. 

; Far Call to initiate. 

; OUT_STRING procedure. 


Total number of clocks to start and end routine. 


+Number of additional clocks to output each character in the output string. 


EXAMPLE 2. 


Example 3 


This example adds all the values of a source array in 
memory to the values of a destination array in memory. The 
result is stored in the destination array. Both arrays are 
assumed to be in the current data segment. The count (num- 


PUSHA 

MOV BP, SP 
MOV CX, (bp+22) 
MOV SI, (bp+20) 


MOV DI, (bp+18) 


CLD 


LODSW 
ADD (DI), AX 
ADD DI, 02 
LOOP NEXT 


POPA 
RET 6 


ber of words in the array), offset of source array, and offset of 
destination array are all assumed to be placed on the stack 
(in that order) by the calling program. The source code for 
the procedure is listed in the Example 3 Table below. 


; Save caller's registers. 

; Point BP to current stack 

; Load array size from stack 

; into CX. 

; Load offset of source array 

; from stack into SI. 

; Load offset of destination 

; array from stack into DI. 

; Clear Direction Flag. 

; Load the source word into AX. 
; Add source to destination. 

; Point DI to next data. 

; Continue to ADD all elements 
; in the two arrays. 

; Restore Registers 

; Near return. 


APPLICATION 


; Following is the code necessary to set up and call the above procedure. 


PUSH count 
PUSH offset S_ARRAY 


PUSH offset D_LARRAY 


CALL ADD_ARRAY 


844(23*CX)-4 


84+(25*CX) 


; Put count parameter on stack 
; Put offset of source array 

; on stack. 

; Put offset of destination 

; array on stack. 

; Near Call to initiate 

; ADD_Array procedure. 


Total number of clocks to start and end routine. 


+Number of additional clocks for each item in array to be added. 


EXAMPLE 3. 
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Both processors take the same number of clock cycles for 
initialization before the call and closing up after the call (84). 
The loop that does the adding is faster on the 80C286. To 
add two 100 word arrays, the 80C286 would take 2,380 clock 
cycles; the 80386 takes 2,584 (an additional 204 clocks) to 
execute the same routine. In this example, the LOOP 
instruction gives the 80C286 the performance over the 
80386. 


Example 4 


This procedure is an example of an operating system 
procedure developed for a protected mode multi-privilege 
level system. The procedure INT_SEGMENT is passed a 
segment selector on the stack and will load that entire 
segment with zero’s. The procedure is designed to execute 
at privilege level zero will a call gate at privilege level 3; this 


allows procedures executing at any level to utilize the 
INIT_.SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 


This example shows that when executing instructions used 
for privilege verification and privilege level transitions the 
80C286 is faster than the 80386. Without taking the LODS 
instruction into account, the 80C286 is 38 clock cycles faster 
when executing the same procedure. With the LODS 
instruction, and assuming a segment size of 100 bytes, the 
80C286 would execute this routine 238 clock cycles faster 
than the 80386. 


800286 80386 
CLOCK CYCLES | CLOCK CYCLES INIT_SEGMENT PROC FAR WC = 1 


PUSHA 

PUSH ES 

MOV BP, SP 
MOV AX, (BP+22) 


MOV BX, (BP+20) 


ARPL AX, BX 


VERW AX 
JNE ERROR 
MOV ES, AX 


LSL CX, AX 
XOR DI, DI 
XOR AX, AX 
CLD 

REP STOSB 
2 CLC 


5+5*cx 


POP ES 
POPA 
RET 2 
STC 


ERROR: 


; Save Caller’s registers. 

;save ES register. 

;Point BP to top of stack. 

; Load AX with segment selector 
; passed as parameter on stack. 

; Load BX with return CS to 

; determine caller’s CPL. 

; Adjust the Privilege level of 

; the segment selector according 
; to the caller's CPL. 

; Test for valid write access 

; If no valid access go to error. 

; LOAD ES with segment to be 

; initialized. 

; Load segment size into CX. 

; Load zero into DI. 

; Load zero into AX. 

; Clear decrement flag. 

; Init entire segment to 00. 

; Clear carry to indicate segment 
; initialized with no errors. 

; Restore ES register. 

;Restore Register 

; Ret FAR to different privilege 

; SET carry to indicate error. 


JMP DONE 
; Code to push selector on stack and initiate INIT SEGMENT via call gate. 


PUSH DATA_SELECTOR 
CALL INIT_SEGMENT_GATE 


; Place Selector on stack. 
‘Instruction to initiate 
; INIT SEGMENT procedure. 


Total clocks if ERROR because segment not accessible. 


283+(3*S) 321+(5*S) 


Total number of clocks if segment is initialized to zeros. “S” represents size of segment in 
bytes. 


EXAMPLE 4. 
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Example 5 


This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a circular linked list of the tasks that need to be 
executed. A pointer called “CURRENT_TASK” points to the 
data structure for the current task being executed. The data 
structure contains the TSS for the task it is describing and a 
NEXT field that points to the data structure of the next task in 
the list to be executed. When the Task Dispatcher is invoked 
it switches the current pointer to the next task in the list and 
then invokes the new task by jumping to the TSS for that 
task. The data structure for the linked list is illustrated below. 


TSS1_SEL 
NEXT_PTR 


CURRENT_TASK ——> 


80C286 


The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task dis- 
patcher. 


The advantage of the 80C286 in this case is in the faster 
task switch instruction. The task switch instruction is 101 
clock cycles faster on the 80C286 than on the 80386. This 
performance increase makes the 80C286 the clear choice 
for multi-tasking applications. 


TSS2_SEL 
NEXT_PTR 


TSS3_SEL 
NEXT_PTR 


80386 
CLOCK CYCLES | CLOCK CYCLES TASK_DISPATCH PROC FAR 


MOV BX, CURRENT TASK + 2_ ; Load BX with contents of next 


MOV CURRENT TASK, BX 


JMP DWORD PTR (BX-2) 


JMP START 


; field of current TASK. BX will 

; contain the address of the data 

; Structure for next task to run 

; Update Current Task to point to 

; new task to be executed. 

; Start new task by jumping to TSS 
; for new task. 

; JUMP to start for next time the 

; TASK dispatcher is invoked. 


EXAMPLE 5. 


Appendix 


This appendix contains a table directly comparing the 
number of clock cycles necessary to execute all the 
instructions available on both the 80C286 and the 80386. 
The table includes several addressing modes of each 
instruction. 


The table has five columns. The first column list the 
instruction being compared. The second column lists the 
number of clock cycles that the 80C286 needs to execute 
that instruction. The third column lists the number of clock 


APPENDIX TABLE 


NUMBER CLOCKS 
TO EXECUTE ON 


80C286 INSTRUCTION 80C286 


ADC reg, reg 


cycles needed by the 80386 to execute the same instruction. 
The fourth column divides the number of cycles needed by 
the 80386 by the number of cycles needed by the 80C286. If 
this figure is greater than one, (see fifth column) then the 
80C286 is faster than the 80386. For example, a 2.0 would 
indicate the 80C286 executes the same instruction twice as 
fast as the 80386. A 1.0 indicates that both processors 
execute the instruction in the same number of cycles. A 
number less than one indicates the 80386 is faster than the 
80C286. 


NUMBER CLOCKS 
TO EXECUTE ON 
80386 


80C286 FASTER 
THAN OR EQUAL 
TO 80386 


80386/ 
80C286 
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APPENDIX TABLE (Continued) 


NUMBER CLOCKS NUMBER CLOCKS 80C286 FASTER 
TO EXECUTE ON TO EXECUTE ON 80386/ THAN OR EQUAL 
80C286 INSTRUCTION 80C286 80386 80C286 TO 80386 


N 
N 


ADC mem, reg 
ADC reg, immed 
ADC mem, immed 
ADD reg, reg 
ADD mem, reg 
ADD reg, immed 
ADD mem, immed 
AND reg, reg 
AND mem, reg 
AND reg, immed 


N O N NO N WO N NO N W 
N DO N NO N DY N DY N DN 


AND mem, immed 


io) 


ARPL reg, reg 


ARPL mem, reg 


BOUND (no interrupt) 

CALL immed (near) 

CALL immed (far real mode) 

CALL immed (far PVAM) 

CALL gate (same privilege PVAM) 
CALL gate (different privilege PVAM) 
CALL TSS (Task Switch PVAM) 
CALL task_gate (Task Switch PVAM) 
CBW 

CLC 

CLD 

CLI 

CLTS 

CMC 


ss 
foe) 
Ne) 
< fe 42 4 4 2 242 242 242 242 242 242 2 2 


CMP reg, reg 
CMP mem, reg 
CMP reg, immed 
CMP mem, immed 
CMPS 

CWD 

DAA 

DAS 

DEC reg 

DEC mem 

DIV word, reg 


N DO O WO ND DOW DMD WBDHD NYP NY NY W YP NY ND 


DIV word, mem 
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APPENDIX TABLE (Continued) 


NUMBER CLOCKS NUMBER CLOCKS 80C286 FASTER 
TO EXECUTE ON TO EXECUTE ON 80386/ THAN OR EQUAL 
800286 INSTRUCTION 800286 80386 800286 TO 80386 


ENTER immed1, immed2 (immed 2 = 6) 
HLT 

IDIV word, reg 

IMUL word, mem 

IN 

INC reg 

INC mem 

INS 

INT 3 (real mode) 

INT immed (real mode) 


INT immed (PVAM same privilege) 


INT immed (PVAM different privilege) 
INT TASK_GATE (PVAM Task Switch) 
INTO (No Jump) 

INTO (YES Jump real mode) 

IRET (real mode) 

IRET (PVAM same privilege) 

IRET (PVAM different privilege) 

IRET (PVAM task switch) 

Jcond label (No jump) 

Jcond label (Yes jump) 

JMP near_label 

JMP Far_label (real mode) 

JMP FAR_LABEL (PVAM) 


JMP CALL_GATE (PVAM same privilege) _ 

JMP TASK_GATE (PVAM task switch) : © 

JMP TSS (PVAM task switch) 2 5 

LAHF 0. = 
< 


LAR reg 

LAR mem 

LDS (real mode) 
LDS (PVAM) 


LEA 
LEAVE 


LGDT 
LIDT 
LLDT reg 
LLDT mem 
LMSW reg 


= 24 <€& «€& & «& &. & & & &. & & -& & & €& &. €& & & B&B & & & 
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APPENDIX TABLE (Continued) 


NUMBER CLOCKS NUMBER CLOCKS 80C286 FASTER 
TO EXECUTE ON TO EXECUTE ON 80386/ THAN OR EQUAL 
80C286 80386 800286 TO 80386 


80C286 INSTRUCTION 
LMSW mem 
LODS 
LOOP (Jump) 
LOOP (No Jump) 


LSL reg 


<< 


LSL mem 
LTR reg 
LTR mem 


2 @€ @&@& & & =. 4. = 


MOV reg, reg 

MOV mem, reg 

MOV reg, immed 

MOV mem, immed 

MOV seg_reg, reg (real mode) 
MOV seg_reg, mem (real mode) 
MOV seg_reg, reg (PVAM) 
MOV seg_reg, mem (PVAM) 
MOVS 

MUL reg 

NEG reg 

NEG mem 

NOP 

NOT reg 

NOT mem 

OR reg, reg 


OR mem, reg 
OR reg, immed 


N ONO OND DO ND WD OD NY 


OR mem, immed 
OUT 

OUTS 

POP reg 

POP mem 


a anraw N WSN NO N NY WO N ND 
tk 
oO 


POP seg_reg (real mode) 
POP seg_reg (PVAM) 
POPA 

POPF 

PUSH reg 

PUSH mem 

PUSH seg_reg 

PUSHA 
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APPENDIX TABLE (Continued) 


NUMBER CLOCKS 800286 FASTER 
TO EXECUTE ON 80386/ THAN OR EQUAL 
80386 80C286 TO 80386 


NUMBER CLOCKS 
TO EXECUTE ON 


80C286 INSTRUCTION 80C286 


PUSHF 

RCR or RCL reg, 1 

RCR or RCL mem, 1 

RCR or RCL reg, cl (cl = 4) 
RCR or RCL mem, cl (cl = 4) 
RCR or RCL reg, 4 

RCR or RCL mem, 4 

ROR or ROL reg, 1 

ROR or ROL mem, 1 

ROR or ROL reg, cl (cl = 4) 
ROR or ROL mem, cl (cl = 4) 
ROR or ROL reg, 4 

ROR or ROL mem, 4 

REP INS (cx = 100) 

REP MOVS (cx = 100) 

REP OUTS (cx = 100) 

REP STOS (cx = 100) 

REP CMPS (cx = 100) 
REPE CMPS (N = 100) 
REPE SCAS (N = 100) 

RET (near) 

RET (far real mode) 

RET (far PVAM same privilege) 
RET (far PVAM different privilege) 
SAHF 

SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 
SHIFT mem, 1 

SHIFT reg, cl (cl = 4) 

SHIFT mem, cl (cl = 4) 
SHIFT reg, 4 

SHIFT mem, 4 


APPLICATION 
NOTES 


SBB reg, reg 


SBB mem, reg 
SBB reg, immed 
SBB mem, immed 
SCAS 

SGDT 

SIDT 

SLDT reg 

SLDT mem 


mo OO OO NN NN DN N ON ON DO WD 


7-39 


Application Note 111 


APPENDIX TABLE (Continued) 


NUMBER CLOCKS NUMBER CLOCKS 800286 FASTER 
TO EXECUTE ON TO EXECUTE ON THAN OR EQUAL 
80C286 INSTRUCTION 80C286 80386 TO 80386 


SMSW reg 
SMSW mem 
STS 

STD 

STI 

STOS 

STR reg 
STR mem 


Le) 


SUB reg, reg 

SUB mem, reg 
SUB reg, immed 
SUB mem, immed 
TEST reg, reg 
TEST mem, reg 
TEST reg, immed 
TEST mem, immed 
VERR reg 

VERR mem 
VERW reg 

VERW mem 
WAIT 

XCHG reg, reg 


PA wWwonn N won nr»oe wo ND WOW NY NY ND W 


XCHG reg, mem 
XLAT 

XOR reg, reg 
XOR mem, reg 


XOR reg, immed 


N ON YD UG A WD W 
N DO DOD OO OD WD OD 


XOR mem, immed 


TOTAL number clocks to execute all instruc- 
tions 


AVERAGE 
Number of Instructions faster on 80C286 


Number of Instructions equal on both 
processors 


Number of Instructions faster on 80386 


Total Number of instructions analyzed 
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80C286/80386 Hardware Comparison 


Author: Ted Schaufelberger 


Introduction 


The Harris 80C286 static CMOS microprocessor, available 
with maximum operating frequencies of 16MHz and 20MHz, 
offers both performance and design advantages over the 
80386 when operating at the same frequency. When both 
the 80C286 and 80386 are operated on a 16-bit data bus, 
which fully supports industry standard 8086/80286 code, the 
80C286 has better performance, and is significantly simpler 
to design with than the 80386. The 80C286 also uses 
significantly lower power than the 80386. The 80C286 also 
uses significantly lower power than the 80386, leading to 
less expensive, more reliable overall system design (See 
Figure 1). 


ICC (mA) 
550 
500 
450 
400 
350 
300 
250 
200 
150 
100 

50 


80386 
L_— 20mMHz —_ 


80C286 80386 
L_ 16MHz —J 


FIGURE 1. 80C286/80386 POWER CONSUMPTION 
COMPARISON 


80C286 


The following comparison highlights some of the 
performance advantages that exist on the 80C286: 


Summary of 16-Bit Data Bus Performance 


80C286 


¢ The 80C286 already has all necessary control lines 
needed to implement a 16-bit data bus (Ref. section on 
Control Signals Required to Implement a 16-Bit Data 
Bus). 


Copyright © Harris Corporation 1997 


e The 80C286 supports a fully pipelined mode of operation 
for maximum system performance (Ref. section on 
Pipelined Operation on a 16-Bit Data Bus). 


The 80C286 remains in a pipelined mode of operation 
even when idle bus cycles occur (Ref. section on Idle 
Cycles). 


The 80C286 instruction prefetch takes one bus cycle to 
execute, thereby minimizing the time that the processor 
Execution Unit must wait should it need the bus (Ref. 
section on Instruction Prefetching a 16-Bit Data Bus). 


80386 


The 80386 requires five additional control lines to be 
generated by external logic in order to implement a 16-bit 
data bus (Ref. section on Control Signals Required to 
Implement 16-Bit Data Bus). 


The 80386 does not support a fully pipelined mode of 
operation. Some pipelining can be achieved, but to 
accomplish this, external bus ‘monitor’ logic must be 
added to the system (Ref. section on Pipelined Operation 
on a 16-Bit Data Bus). 


The 80386’s pipelining is disrupted by idle bus cycles. A 
non-pipelined bus cycle, usually with an additional wait 
state, must be executed before the 80386 can return to 
pipelined mode. Idle bus cycles occur an average of 9% of 
the time (Ref. section on Idle Cycles). 


The 80386 instruction prefetch takes two bus cycles to 
execute, which can cause performance degradation by 
forcing the Execution Unit of the processor to wait a full 
bus cycle for use of the bus in order to complete an 
instruction (Ref. section of Instruction Prefetching on a 16- 
Bit Data Bus). 


16-Bit Data Bus Operation 


This section will discuss the control signals required to 
implement a 16-bit data bus, as well as pipelined operation, 
idle cycles, and instruction prefetching on a 16-Bit Data Bus. 


Control Signals Required to Implement a 16-Bit Data 
Bus 


The 80C286 microprocessor has all the control lines needed 
to implement a 16-bit data bus resident on chip, no further 
control lines are required. 
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NOTE: BLE# Asserted when DO-D7 of 16-Bit Bus is Active. 
BHE# Asserted when D8-D15 of 16-Bit Bus is Active. 
A1 Low for All Even Words; A1 High for All Odd Words. 
X = Don’t Care 

H = High Voltage Level 

L = Low Voltage Level 


Key: 


80386 SIGNALS 16-BIT BUS SIGNALS 
L 


X - Not Contiguous Bytes 
X - Not Contiguous Bytes 
X - Not Contiguous Bytes 
X - Not Contiguous Bytes 


X - Not Contiguous Bytes 


X 
H 
L 
L 
H 
X 
L 
L 
X 
X 
X 
L 
X 


L 


* = A Non-Occurring Pattern of Byte Enables; Either None are Asserted, or the Pattern has Byte Enables Asserted 


for Non-Contiguous Bytes. 


FIGURE 2. A1, BLE#, AND BHE# SIGNAL GENERATION TABLE 


In order to implement a 16-bit data bus with the 80386 
microprocessor, it is necessary to create at least the follow- 
ing five additional control signals: Address Line 1 (A1), Bus 
Low Enable (BLE#), Bus High Enable (BHE#), Bus Size 16- 
Bits (BS16#), and Next Address (NA#). 


The first of these signals, A1, is an additional address line 
required to convert the granularity of the 80386’s address 
space from double-word size entities (32-bit) to word size 
entities (16-bit). The second two signals, BLE# and BHE#, 
primarily serve as chip selects which enable the appropriate 
byte or bytes onto the 16-bit data bus. These three signals 
are generated from the four 80386 byte enables (BEO# - 
BE3#) as shown in Figure 2. The logic to implement these 
signals is shown in Figure 3. 


In addition, to these three control signals generated from 
80386 signals as outputs, two input control signals to the 
80386 must be generated to external logic (BS16# and NA#) 


BS16# is used to inform the 80386, on a cycle-by-cycle 
basis that a 16-bit bus size is to be used for data transfer. 
NA# is used to request that the 80386 put the next cycle 
address on the bus early, thereby pipelining that cycle. 


The 80386, therefore, requires five additional control lines, 
three outputs and two inputs, in order to implement a 16-bit 
data bus. The generation of these control lines, in turn, 
requires additional ‘glue’ logic (which also introduces addi- 
tional signal propagation delay, thereby reducing address 


access time available to the system), and finally, there is 
additional bus cycle ‘monitor’ logic necessary if the 16-bit 
data bus is to be pipelined for higher performance. 


=f } At 
BE1# 


3 
ui 
ise] 
K - MAP FOR A1 SIGNAL 
BE1# — 
i 
“ BE3# 
K - MAP FOR 16-BIT BHE# SIGNAL 
BEO# 
BLE# 
Oo 
a 
uJ 
a 


K - MAP FOR 16-BiT BLE# SIGNAL 
FIGURE 3. A1, BLE#, AND BHE# LOGIC 
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Pipelined Operation on a 16-Bit Data Bus 


At a given clock frequency, pipelined address operation 
increases a system’s performance, while simultaneously 
allowing relatively slower memories and I/O devices to be 
used. Pipelined address operation provides the system 
increased address access time, and increased address 
decoding time. 


The 80C286 is optimized for, and directly supports, fully 
pipelined bus operations on a 16-bit data bus. In other 
words, the 80C286 performs all bus operations in a fully 
pipelined mode. 


The 80386 does not support fully pipelined operation on a 
16-bit data bus. In order to pipeline a bus cycle on the 
80386, the Next Address (NA#) signal must be asserted to 
the processor. If the Next Address (NA#) signal and the Bus 
Size 16-Bit (BS16#) signal are both asserted in the same 
bus cycle, the NA# signal will not be recognized. Since, the 
BS16# signal must be asserted to the 80386 for many pat- 
terns of 16-bit and 8-bit transfers to take place correctly, the 
pipelining of transfers over a 16-bit bus is limited. 


To allow pipelining of 16-bit data, external logic must be 
implemented to monitor the type of bus cycle taking place, 
decide if the cycle can be pipelined, and, if so, negate the 
BS16# signal to the 80386 and assert the NA# signal. Pipe- 
lining is possible only if the bus cycle is one of the following 
three types: 


(1) A read operand cycle using only the lower half of the 
data bus. 


(2) A write operand cycle using only the lower half of the 
data bus. 


(3) A write operand cycle using only the upper half of the 
data bus. 


The 80386 will not allow 16-bit pipelining of read or write 
cycles that have byte alignments that do not conform to one 
of the previously mentioned three types. 


The 80C286, then, fully supports address pipelining, yielding 
the highest possible system performance, while using rela- 
tively lower performance (and therefore cheaper) memories 
and peripherals. The 80386, however, does not support fully 
pipelined 16-bit bus operation, and, to support even partial 
pipelining, requires external bus ‘monitor’ logic. 


idle Cycles 


Another factor to consider when evaluating 80C286 and 
80386 performance is the effect of idle cycles on pipelined 
operation. Calculations have shown that, on average, bus 
idle cycles occur in the system approximately 9% of the time. 
The effect of idle cycles on pipelining is quite different on the 
80C286 that on the 80386. 


The 80C286 pipelined operation is not affected by idle 
cycles. When an idle cycle or cycles occur in a stream of 
pipelined bus cycles, the 80C286 returns to pipelining bus 
cycles immediately after the last idle cycle. In this way, each 
device on the bus (e.g. memory, peripheral) maintains a 
fixed timing associated with that device, and therefore 


always uses the minimum number of wait states required for 
that device. 


On the other hand, the 80386 pipelined operation is 
disrupted by idle cycles. With the 80386, an idle cycle or 
cycles occurring in a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipelined bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipelined bus cycle will 
have different timing than pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
event to the same device with the same address. 


From the preceding, it can be seen that when executing 16- 
bit code, the 80C286 has a 9% performance increase 
over the 80386, due to the manner in which each 
processor handles idle cycles alone. Note, that with the 
80386, a pipelined stream of bus cycles will always be 
disrupted when an idle cycle occurs, whether using a 16-bit 
data bus or a 32-bit data bus. In either case, a non-pipelined 
bus cycle must be executed prior to resuming pipelined 
operation. 


Instruction Prefetching on a 16-Bit Data Bus 


One final factor needs to be considered in the evaluation of 
80C286 and 80386 performance on a 16-bit data bus; the 
effect that prefetching instructions has on_ instruction 
execution time. Prefetching of instructions is done by the 
processor Bus Unit on both the 80C286 and 80386. The 
prefetch is done when the bus would otherwise be idle for 
the upcoming cycle, and the prefetch queue is not full. 


The 80C286 does word size (16-bit) prefetching of 
instructions, and therefore completes it’s prefetch activities in 
one bus cycle. This minimizes the waiting period to gain 
access to the bus by other processor entities, such as the 
Execution Unit. 


The 80386 does doubleword (32-bit) prefetching of 
instructions, even on a 16-bit bus. This means that once a 
prefetch has begun execution, two bus cycles are required to 
complete the prefetch. If, for instance, the processor, 
Execution Unit requires the bus for a data fetch or write in 
order to complete an executing instruction, it must wait for 
the two bus cycles of prefetch to complete before it can 
access the bus. This can substantially degrade instruction 
execution time. 


32-Bit Data Bus Operation 


This section discusses operating the 80386 on a 32-bit bus 
in order to overcome some of the handicaps it suffers on a 
16-bit bus. In addition, several advantages and 
disadvantages associated with the 80386 on a 32-bit bus are 
considered. 


Hardware Advantages of the 80386 on a 32-Bit Data Bus 


There are several advantages to operating the 80386 on a 
32-bit data bus as opposed to a 16-bit data bus. Some of the 
control lines that were required for a 16-bit data bus are 
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eliminated (A1, BLE#, BHE#, and BS16#). It is possible to 
come closer to a fully pipelined mode of operation, although 
idle cycles will still disrupt the pipelining 9% of the time. 
Finally, prefetching on a 32-bit bus executes in one bus cycle 
instead of two. Offsetting these advantages, however are 
several major disadvantages. 


Hardware Disadvantages of the 80386 on a 32-bit Data 
Bus 


When using a full 32-bit data bus, the chip complexity of a 
80386 based system is increased over a 16-bit system. 
Twice aS many transceivers (four instead of two) are 
required. In addition, in order to accommodate the additional 
16 data lines of the 32-bit bus, twice as many memory 
devices are typically required with the 32-bit system as 
compared to a 16-bit system. This amounts to an increase in 
DRAM, alone, of from 18 devices in a typical 16-bit system to 
36 devices in a typical 32-bit system. 


The 16 additional data lines of the 32-bit bus increase the 
EMI problems inherent in the system. The additional 
coupling and crosstalk between data lines must be taken into 
consideration when laying out the system PC board. 


There is significant increase in the amount of board space 
used as result of the additional chips required to implement 
a 32-bit bus, as well as the 16 additional data lines. This 
results in a larger, more complex (and more expensive) PC 
board that with a 16-bit system, often requiring an increase 
in the number of board layers. 


Reference 


[1] “80386 Hardware Reference Manual”, Intel Corporation, 
1987. 
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Interfacing the 80C286-16 with the 80287-10 


Author: Ted Schaufelberger 


Introduction 


An important requirement in many systems is the ability to 
off-load numeric data processing. In an 80C286 system, this 
can be accomplished with an 80287 numeric co-processor. 
However, aS processor speeds increase, it may become 
necessary to interface a high speed 80C286 processor with 
a lower speed 80287. This Document will briefly describe the 
interface between a 16MHz 80C286 (80C286-16) and a 
10MHz 80287 (80287-10). 


Interfacing the 80C286 with an 80287 can be broken down 
into three main areas: 


(1) Bus control lines and data lines which coordinate and 
implement the flow of data between the two processors 
(i.e. the data lines, chip select lines, and read/write 
lines). 


(2) The clock line(s), which drive the two processors. 


(3) The four status lines through which the 80C286 and 
80287 directly communicate status information to one 
another - comprised of the BUSY, ERROR, Peripheral 
Request (PEREQ), and Peripheral Acknowledge 
(PEACK) lines. 


Bus Control Lines 


The various bus control and data lines in most systems 
would be coordinated by either a bus controller (such as the 
82C288), or a bus controller subsection of an 80C286 
oriented chip set. All requisite bus control timing between a 
16MHz 80C286, and a 10MHz 80287 would then be handled 
by these devices (typically with one wait-state inserted to 
allow for the slower 80287-10). 


U1 74AC04 


(FROM 820284 OR RESET 
EQUIVALENT) 


(FROM 80C286) 
(32MHz SYSTEM 286_CLK 
CLOCK 


U1 74AC04 


+ >- 


J PR Qg 5 LPEACK 2 


a: 


Clock Lines 


A system using a 16MHz 80C286 with a 10MHz 80287 
requires separate clock lines for the two processors. The 
32MHz system clock used by the 80C286-16 is too fast for 
the 80287 +10, necessitating a dedicated clock driver for the 
80287. This clock driver should supply a 10MHz clock to the 
80287 with a 1/3 duty cycle to allow the 80287-10 to run at 
it’s full 1OMHz capability. One solution for providing this clock 
is the 82C84A-1, which meets this specification with either a 
30MHz crystal at it’s crystal inputs, or a 30MHz external 
frequency input to it’s EFI pin. In either case, a 10MHz 1/3 
duty cycle clock is output to the 80287. Note that when using 
a dedicated clock driver such as this, the CKM pin of the 
80287 must be pulled up. 


Status Lines 


The 80C286 and 80287 communicate status information 
with one another through four signals; the BUSY line, the 
ERROR line, the peripheral request line (PEREQ), and the 
PEACK line. 


The BUSY and ERROR lines can be connected from the 
80287 to a 80C286-oriented chipset, or from the 80287 
directly to a 80C286. In the case of the chipset interface, the 
signal timing between the 80287 and 80C286 is coordinated 
by the chipset. In the case of the direct 80287 to 80C286 
interface, the signal timing is handled by the 80C286, and, 
since the signal flow direction is from the 80287 to the 
80C286 (i.e. from the slower device to the faster device), no 
additional hardware is required to achieve proper timing. 


U3 74AC08 


3 GPEACK (TO 80287 


PEACK) 


FIGURE 1. PEAK STRETCH CIRCUIT 
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The peripheral request (PEREQ) line should be connected 
directly from the 80287 to the 80C286, and again, since the 
signal flow direction is from the 80287 to the 80C286, no 
additional hardware is required. 


The peripheral acknowledge (PEACK) line is normally con- 
nected directly from the 80C286 to the 80287. In this case 
the signal flow direction is from the 80C286 to the 80287 (i.e. 
faster device to slower device), and the PEACK active time is 
not guaranteed to meet the requirements of the slower 
80287-10. Worst case timing for the 80C286-16 reveals that 
PEACK output could be as short as 45.5ns (i.e. PEACK 
(min) = 45.5ns). The 80287-10 input requirement is PEACK 
(min) = 6Ons. 


The proper PEACK timing can be achieved using the circuit 
shown in Figure 1 comprised of a 74AC04, 74AC08, and a 
74AC112. Referring to the timing diagram shown in Figure 2, 
it can be seen that this circuit effectively “stretches” the 
80C286’s PEACK output (in the form of GPEACK) to 72.7ns, 
which satisfies the 80287-10 requirement. 


i] ‘ 
lemon Tg 
| I 
| 


| og 


The operation of the circuit shown in Figure 1 is as follows: 


(1) The RESET signal (which is also applied to the 80C286) 
is used to initialize the ‘AC112 to a known inactive state 
(Q= 1). 

(2) When the 80C286 asserts the PEACK signal, the gated 
version of this signal (GPEACK) is asserted with minimal 
delay (7.9ns through the ‘ACO8). 


(3) On the falling edge of the 80C286 CLK at the beginning 
of Phase 2 of the Ts cycle, the low state of PEACK is 
clocked into the ‘AC112. This effectively holds GPEACK 
low for an additional clock cycle longer than standard 
PEACK timing. 

On the falling edge of the 80C286 CLK at the beginning 
of phase 2 of the first Tc cycle, the high state of PEACK 
is clocked into the ‘AC112, which then causes GPEACK 
to go inactive. 


(4 


— 


The net effect of this circuit operation is to extend the 
80C286’s Peripheral Acknowledge signal to the 80287-10 
sufficiently to meet it’s requirements. 
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FIGURE 2. PEACK CYCLE TIMING 
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No. AN121.1 March 1997 
Harris 80C286 Performance Advantages Over the 80386SX 


Author: Ted Dimbero 


Introduction executed an average of 1.6 clock cycles faster. However, the 
instructions which execute faster on the 80C286 execute in 


The Harris 80C286, operating at the same frequency as the an average of 23.1 clock cycles less than on the 80386SX. 
80386SX, can outperform the 80386SX when executing 


software written for the 80286 and 8086, including all ; 

MS-DOS™, PC-DOS™ and OS/2™ -based programs. This Op erating Sp eeds 

performance advantage comes from the 80C286 The Harris 80C286 is available with operating frequencies of 
requirement of fewer clock cycles to execute the same 12.5, 16, 20 and 25MHz. The 80386SX maximum operating 
instructions as the 80386SX. frequency is limited to 16MHz. The instruction comparisons 


Industry standard 16-bit 8086/80286 code can execute i Pigue 1 febiet shraupecnt mts SaRUmeny Rraluale: ae 
15-25% more efficiently on the 80C286 than on the Lier ee oes ee eee Ue eae 
80386SX. There is no performance advantage gained by RSTUSHONS pt main “Ing SUshoo" ane ie BUSenG, 
,; ' Therefore, it illustrates the performance differences when 
simply moving a system design from an 80C286 to an het t th d 
80386SX. The 80C286 is the processor best suited for POS PA egeeet ne ener Pew Ngg tn ter ye ego 
executing 16-bit 8086/80286 code. As this analysis shows, the 80C286 has the performance 
advantage when the two processors are running at the same 
speed. This 80C286 advantage is significantly greater when 
speed differences are taken into consideration. 


The difference in clock cycle requirements is summarized in 
Figure 1. Of the 182 common instructions, the 80C286 
executes 79 instructions faster than the 80386SX. Another 
64 instructions execute in the same number of clock cycles The 80C286-25, for example, can execute 100% of the 
on both processors. instructions available on both processors faster than a 
16MHz 80386SX. In some cases, a 2X performance 
increase can be seen with the 80C286-25 compared to the 
80386SX-16 (see Table 1). 


Overall, 143 instructions (78% of all common instructions) 
execute as fast or faster on the 80C286 than on the 
80386SX. 


This is not a benchmark number that can be credited to 


differences in system design; it illustrates a one-to-one Ss 
80C286 - 16 comparison of the length of time it takes to execute the same — Ww 
FASTER THAN : ; ' = 
80386SX - 16 instruction on the two processors. That is, given two ms = 
equivalent systems (both having the same disk access =o 
speed, same number of wait states, similar cache a= 
controllers, etc), the 80C286-25 system would outperform ~ 


the 80386SX system on any benchmark. 


Table 1 illustrates a performance comparison of the 
80C286 - 16 80386SX-16, 80C286-16, 80C286-20 and 80C286-25. The 
EQUAL TO table lists the number of clock cycles needed to execute five 

siecle 62529 80386SX - 16 different subroutines (see examples 1-5 in Subroutine Analy- 

XY FASTERTHAN sis section) and the total execution times for each subroutine 


SY  80C286 - 16 : 
for the two processors at varying operating frequencies. 


In each of these examples, the results show that the 80C286 

FIGURE 1. EXECUTION SPEED COMPARISON (NUMBER OF outperforms the 80386SX. In addition, the 80C286-25 shows 

INSTRUCTIONS) performance increases of 170%-250% over the 80386SX- 

16. The 80C286 not only outperforms the 80386SX at similar 

Taking this comparison one step further and looking at the operating frequencies, it also provides a path to increased 

performance contribution of each subset of instructions, performance by offering operating frequencies up to 25MHz 
those instructions that execute faster on the 80386SX are which are not available with the 80386SX. 
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TABLE 1. 


80C286-16 


FORMANCE 
INCREASE 
OVER 


PER- 
FORMANCE 
INCREASE 
OVER 
80386SX-16 


PER- 


Example 2 2511 1899 156.9 118.7 132% 


Example 3 2584 2380 161.5 148.7 


108% 


Architecture Background 


The 80C286 static CMOS microprocessor combines low 
operating and standby power with high performance and 
operating frequencies up to 25MHz. 


The 80C286 evolved from the industry standard 80C86 
microprocessor and has vast architectural enhancements 
over its predecessor that allow the 80C286 to execute the 
same code with a significant performance increase. 


Disregarding the clock speed increase, when upgrading from 
an 80C86 to an 80C286, the 80C286 can execute the same 
code with an increase in throughput of up to 4 times that of 
the 80C86. This increase is solely due to the architectural 
enhancements. 


It is a common belief that replacing an 80C286 with the 
80386SX microprocessor will yield similar performance 
increases. This is not the case. The new architecture gives 
the 80386SX 32-bit internal capability but it does not signifi- 
cantly increase the throughput of 16-bit 8086 or 80286 code. 


When executing industry standard 8086 or 80286 code, 
replacing the 80C286 with an 80386SX does not result in a 
significant performance increase. In many cases, such a 
replacement will actually cause a performance degradation. 
This is evident in the following areas: 


(1) Input/Output Handling 
(2) Interrupt Handling 
(3) Control Transfer (Loop, Jump, Call) 


(4) 80286 Protected Mode Systems 
(5) Multi-Tasking and Task Switching Operations. 


The performance advantage of the 80C286 is especially evi- 
dent in areas such as: 


e Protected Mode Operating System - such as OS/2 and 
Xenix™ 


Multi-Tasking Systems. 


Control Applications — utilizing interrupt and I/O instruc- 
tions. 


Structured Software — utilizing many Control transfer 
instructions. 


Operating Systems that rely on interrupts to perform func- 
tions - such as MS-DOS, PC-DOS and OS/2. 


Upgrading 16-bit 80C86 applications for increased perfor- 
mance. 


Figure 2 illustrates a comparison of the number of clock 
cycles needed to execute several instructions available on all 
three microprocessors (80C86, 80C286, and 80386SX). 
This illustrates the dramatic effect of 80C286 architectural 
enhancements on performance when compared to the 
80C86 and the lack of similar performance improvement 
when executing 8086/80286 code on the 80386SX. 
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TOTAL (353) 
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(SPECIFIED VALUES IN PARENTHESES) 
©, 


NUMBER OF CLOCKS TO EXECUTE INSTRUCTIONS 


KOOOOOOOOO? 


80C86 


Hardware System Comparison 
Pipelined Operation on a 16-Bit Data Bus 


At a given clock frequency, pipelined address operation 
increases a system’s performance, while simultaneously 
allowing relatively slower memories and I/O devices to be 
used. Pipelined address operation provides the system 
increased address access time, and increased address 
decoding time. 


80C286 


The 80C286 supports a fully pipelined mode of operation for 
maximum system performance. 


The 80C286 remains in a pipelined mode of operation even 
when idle bus cycles occur. 


80386SX 


The 80386SX does not support a fully pipelined mode of 
operation. Some pipelining can be achieved, but to accom- 
plish this, external bus ‘monitor’ logic must be added to the 
system. 


The 80386SX’s pipelining is disrupted by idle bus cycles. A 
non-pipelined bus cycle, usually with an additional wait state, 
must be executed before the 80386SX can return to pipe- 
lined mode. Idle bus cycles occur an average of 9% of the 
time. 


Idle Cycles 


Another factor to consider when evaluating 80C286 and 
80386SX performance is the effect of idle cycles on pipe- 
lined operation. Calculations have shown that, on average, 


4 
= 
s 
> 
- 
— 
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80C286 
FIGURE 2. ARCHITECTURAL COMPARISON 


= Mut (Bx) 

TS XOR AX, (BP) (SI) 
«OUT PORT, AX 

NOT (BX+ 10) 
[| CALL near 

MM Loop 

DOO INT 3 

AAD 

ADD mem (BX) (Dl), AX 


TOTAL (119) 


80386SX 


bus idle cycles occur in the system approximately 9% of the 
time. The effect of idle cycles on pipelining is quite different 
on the 80C286 than on the 80386SX. 


The 80C286 pipelined operation is not affected by idle 
cycles. When an idle cycle or cycles occur in a stream of 
pipelined bus cycles, the 80C286 returns to pipelining bus 
cycles immediately after the last idle cycle. In this way, each 
device on the bus (e.g. memory, peripheral) maintains a 
fixed timing associated with that device, and therefore 
always uses the minimum number of wait states required for 
that device. 


On the other hand, the 80386SX pipelined operation is dis- 
rupted by idle cycles. With the 80386SX, an idle cycle or 
cycles occurring in a pipelined stream of bus cycles breaks 
the pipelining operation. Once an idle cycle has occurred, a 
non-pipelined bus cycle must always be executed prior to 
resuming pipelining. Since a non-pipelined bus cycle will 
have different timing than a pipelined bus cycle (even to the 
same device), an additional wait state must be added to this 
bus cycle. This not only degrades performance, but requires 
additional external logic to differentiate between a pipelined 
bus cycle access, and a non-pipelined bus cycle access, 
even to the same device with the same address. 


From the preceding, it can be seen that when executing 16- 
bit code, the 80C286 has a 9% performance increase over 
the 80386SX, due to the manner in which each processor 
handles idle cycles alone. 
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Instruction Comparison 


The Appendix in this document illustrates a direct compari- 
son of the number of clock cycles needed to execute the 
same instructions on the 80C286 and the 80386SX. The 
table includes examples of instruction timing for all instruc- 
tions available on both processors. Several addressing 
modes of each instruction type are included. 


Of the 182 instruction examples analyzed, 79 of the instruc- 
tions execute faster on the 80C286 than on the 80386SX; 64 
of the instructions analyzed execute in the same number of 
clock cycles on both processors. This leaves only 39 instruc- 
tions with improved performance on the 80386SX (See 
Figure 2). Over 78% of the instructions analyzed execute as 
fast or faster on the 80C286 than on the 80386SX. 


This is vastly different than the previous 8086-to-80286 
upgrade. With that upgrade, the 80C286 exhibits equal or 
better performance than the 80C86 with 100% of the 
instructions. 


This clearly indicates that the 80C286 is the processor best 
suited for executing industry standard 8086 and 80286 code. 


The following discussion groups each of the instructions into 
one of several categories to analyze which applications will 
benefit from utilizing the 80C286. The categories used are: 


e Jumps, Calls, Returns and Loops (Real Mode). 
e |/O Instructions. 


e Logic, Arithmetic, Data Transfer, Shift and Rotate Instruc- 
tions. 


Interrupts. 


Miscellaneous Instructions. 


Protected Mode/Multi- Tasking Instructions. 


Jumps, Calls and Loops 


In real mode, near calls, jumps, and conditional jumps 
(transfers within the current code segment) all take the same 
number of clock cycles to execute on the 80C286 and the 
80386SX. Since the segment sizes are larger on the 
80386SX, the near transfer instructions on the 80386SX can 
transfer a greater distance. 


The far calls and jumps (transfers that switch to a new code 
segment; i.e., a code segment context switch) are faster on 
the 80C286: four clocks and one clock respectively. The far 
return instruction executes in three less clock cycles on the 
80C286, and the near return takes one extra clock cycle. 
The protected mode calls, jumps, and returns are all faster 
on the 80C286 and are discussed in the section on Pro- 
tected Mode. 


The loop instruction is three clock cycles faster on the 
80C286 than the 80386SX. Thus, the 80C286 would save 
300 clock cycles over the 80386SX if a LOOP instruction 
were executed 100 times. 


ADVANTAGE 
INSTRUCTION 800286 | NONE 80386SX 


Rewrmraacr—f_ [| * | 
Farcacomararet [x |_| 
wor eT 


I/O Instructions 


The 80C286 has a significant advantage with the I/O instruc- 
tions. The IN instruction is almost 2 1/2 times faster on the 
80C286; the 80386SX takes 7 extra clock cycles to execute 
the same instruction. The OUT instruction is over 3 times 
faster on the 80C286; again the 80386SX takes 7 extra clock 
cycles to execute the same instruction. Executing the |I/O 
instructions on the 80386SX is equivalent to executing on 
the 80C286 with 7 wait states. 


The string I/O instructions (INS and OUTS) are also signifi- 
cantly faster on the 80C286. The INS instruction is 10 clock 
cycles faster on the 80C286, and the OUTS instruction is 9 
clock cycles faster. This is particularly important if the string 
operations are going to be used to input or output a large 
block of data using the REP prefix. Inputting 100 words of 
data with the REP INS instruction is 208 clock cycles faster 
on the 80C286. An even more significant difference can be 
seen when outputting 100 words with the REP OUTS 
instruction. In this case, the 80C286 is 800 clock cycles 
faster than the 80386SX. 


ADVANTAGE 
INSTRUCTION 80C286 | NONE | 80386SX 
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er 
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Logic, Arithmetic, Data Transfer, Shift and 
Rotate Instructions 


Most forms of the logic, arithmetic, and data transfer 
instructions execute in the same number of clock cycles on 
both processors. Certain operand combinations of these 
instructions (immediate to register for example) take one 
extra clock cycle to execute on the 80C286. 


In real mode, the segment register transfer instructions 
execute as fast or faster on the 80C286 than they do on the 
80386SX. For example, using the POP instruction to transfer 
data into a segment register is 2 clock cycles faster on the 
80C 286. 


Most of the string manipulation instructions execute in the 
same number of clock cycles on both processors. The 
MOVS and STOS instructions are faster on the 80C286. 


The divide instruction executes in the same number of clock 
cycles on both processors. The number of clocks to execute 
the multiply instruction on the 80386SX is data dependent; 
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the number of clocks to execute the same instruction on the 
80C286 is fixed. On average, the multiply instruction is five 
clock cycles faster on the 80386SX, but independing on the 
data, the 80386SX could be as many as 4 clock cycles 
slower than the 80C286. 


The rotate and shift instructions are faster on the 80386SX. 
Unlike the 80C286, the 80386SxX rotate and shift instructions 
do not depend on the number of bits to be shifted or rotated. 
Thus, the 80386SX has the advantage with multi-bit rotate 
and shift instructions. The 80C286 does, however, execute 
single bit rotate and shift instructions faster. 


ADVANTAGE 
INSTRUCTION 80C286 | NONE 80386SX 
Most Logic and Arithmetic rs 


Certain Operand Combinations 
of Logic and Arithmetic 


Divide 


String Instructions 


| ft 
er 
ee 
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Interrupt Instructions 


Interrupts are serviced more quickly on the 80C286. The INT 
instruction, in real mode, executes 14 cycles faster on the 
80C286 than it does on the 80386SX. The INTO, BOUND, 
and other instructions that can cause an interrupt all benefit 
from the faster interrupt handkng features of the 80C286. 
The return from interrupt instruction (IRET) is 7 clock cycles 
faster on the 80C286. The PUSHA and POPA instructions, 
frequently used by interrupt handling procedures, are both 
faster on the 80C286. Protected Mode interrupt handling is 
discussed in the Protected Mode section. 


ADVANTAGE 
INSTRUCTION 


INTO 
BOUND (If Interrupt) 
Break Point Interrupt 


Miscellaneous Instructions 


The BCD instructions, HLT, and CBW execute from 1 to 5 
clock cycles faster on the 80C286. The instructions to set 
and clear individual flags and the CWD instruction all 
execute in the same number of cycles on both processors. 
The ENTER, LEAVE, and BOUND instructions are from 1 to 
3 cycles faster on the 80386SX. The BOUND instruction is 
only faster if an interrupt is not caused by the instruction. 


ADVANTAGE 
INSTRUCTION 800286 | NONE» 80386SX 
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Dats carveraonroow ow [x [ 
Fag Setingansaema [| 
pono mommy f | | > 


Protected Mode/Multi-Tasking 


When executing 80286 protected mode code, the 80C286 
significantly out-performs the 80386SX. Task switching 
operations execute 100 to 271 clock cycles faster on the 
80C286. The instruction to return from a called task is 63 
clock cycles faster on the 80C286. This results in a very 
significant performance increase for systems utilizing the 
multi-tasking features. The 80C286 is clearly better suited 
than the 80386SX for running protected mode operating 
systems such as OS/2 and Xenix. 


Inter-segment JMP, CALL and segment loading instructions 
also operate faster on the 80C286. The 80C286 saves any- 
where from 4 to 11 clock cycles depending on the particular 
inter-segment transfer instruction. In protected mode, the 
inter-segment return is also faster on the 80C286. The 
80C286 is 11 clock cycles faster when executing an inter- 
segment return to the same privilege level and is 17 cycles 
faster on inter-segment returns to a different privilege level. 


The instructions to initialize and check the protected mode 
registers execute as fast or faster on the 80C286. The IDTR 
access instructions are an exception to this in that they take 
one extra clock cycle to execute on the 80C286. The instruc- 
tion to switch the processor to protected mode (LMSW) is 7 
cycles faster on the 80C286. 


Most of the 80286 protected mode access checking instruc- 
tions operate as fast or faster on the 80C286 than on the 
80386SX. The LAR instruction is one clock cycle faster on 
the 80C286 and the LSL instruction is 5 clock cycles faster. 
The VERW instruction executes in the same speed on both 
processors and the VERR is 5 cycles faster on the 80386SX. 
The ARPL instruction used in protected mode procedures for 
pointer validation is 10 clock cycles faster on the 80C286. 


ADVANTAGE 


80C286 80386SX 


INSTRUCTION 
Task Switching 


x< 


Segment Register Loading 


Inter-Segment Transfer 
System Register Instructions 


Inter-Segment Transfers 


Access Checking Instructions 
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Subroutine Analysis 


This section lists several subroutines and then compares the 
number of clock cycles each subroutine will take to execute 
on the 80C286 and on the 80386SX. 


EXAMPLE 1 


This interrupt routine outputs a character to a terminal via a 
UART. The AL register must contain the character to be 
output. The routine first checks the status of the UART to 
determine if it is busy. If it is busy, the routine loops until the 


UART is free; when the UART is free, the character is output. 
Following is a listing of the code and the clock clyde analysis 
for the OUT_CHAR routine. 


This sample procedure executes about 25% faster on the 
80C286 than on the 80386SX. The advantage is realized 
through the 80C286’s faster interrupt handling and faster I/O 
instructions. 


800286 80386SX 
CLOCK CYCLES | CLOCK CYCLES OUT_CHARACTER PROC NEAR 


; save Caller’s flags. 


PUSHF 

PUSH AX 

IN AL, PORT_STATUS 
CMP AL, BUSY 

JE CK_STATUS 

POP AX 

OUT OUT_PORT, AL 
POPF 

IRET 

INT x 


CK_STATUS: 


; save data to be output. 

; Input UART status. 

; Check If UART Busy. 

; If busy go check again. 

; If not busy restore AX 

; and output data. 

; Restore Flags 

; Return. 

; Instruction to initiate OUTCHAR 
; Interrupt. 


Total cycles if UART not busy. 
Number of cycles added for each loop while UART is busy. 


EXAMPLE 1. 


EXAMPLE 2 


The second example outputs an entire string of characters 
using the previous interrupt routine (denoted by “INT x” in the 
code below). The DS:SI registers point to the beginning of 


80C286 
CLOCK CYCLES 


79+91/char 91+121/char 


the string to be output. The string is variable in length and 
must be terminated with the “$” character. 


80386SX 
CLOCK CYCLES OUT_STRING PROC FAR 


PUSHA 

LODSB 

CMP AL, “$” 

JE done 

INT x 

JMP next 

POPA 

RET 

Call OUT_STRING 


; Save caller's registers. 

; Load first char to be output. 

; Check to see if End of string. 
; If end then go to DONE. 

; If not end output character. 


; Go get next char to output. 


; Restore Registers when done. 
; Far Return. 

; Far Call to initiate. 

; OUT_STRING procedure. 


Total number of clocks to start and end routine. 


+Number of additional clocks to output each character in the output string. 


EXAMPLE 2. 


To output a string of 20 characters, the 80C286 would take 
1,899 clock cycles; using the same routine, the 80386SX 
would take 2,511 cycles. Each time a string of 20 characters 
is output, the 80C286 will save 612 clock cycles; an 80C286 


performance increase of almost 25%. The advantage is real- 
ized through the 80C286’s faster interrupt handling, faster I/O 
instructions, faster FAR transfer instructions, and faster 
register saving and restoring instructions. 
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EXAMPLE 3 


This example adds all the values of a source array in ber of words in the array), offset of source array, and offset of 
memory to the values of a destination array in memory. The destination array are all assumed to be placed on the stack 
result is stored in the destination array. Both arrays are (in that order) by the calling program. The source code for 
assumed to be in the current data segment. The count (num- _ the procedure is listed below: 


80C286 80386SX 
CLOCK CYCLES | CLOCK CYCLES ADD_ARRAY PROC NEAR 


PUSHA ; save caller’s registers. 
MOV BP, SP ; Point BP to current stack 
MOV CX, (bp+22) ; Load array size from stack 
; into CX. 
MOV SI, (bp+20) ; Load offset of source array 
; from stack into SI. 
MOV DI, (bp+18) ; Load offset of destination 
; array from stack into DI. 
CLD ; Clear Direction Flag. 
LODSW ; Load the source word into AX. 
ADD (Dl), AX ; Add source to destination. 
ADD DI, 02 ; Point DI to next data. 
LOOP NEXT ; Continue to ADD all elements 
; in the two arrays. 
POPA ; Restore Registers 
RET 6 ; Near return. 
; Following is the code necessary to set up and call the above procedure. 
PUSH count ; Put count parameter on stack 
PUSH offset S_ARRAY ; Put offset of source array 
; on stack. 
PUSH offset D_ARRAY ; Put offset of destination 
; array on stack. 
CALL ADD_ARRAY ; Near Call to initiate 
; ADD_Array procedure. 


84+(23*CX)-4 84+(25*CX) Total number of clocks to start and end routine. 
+Number of additional clocks for each item in array to be added. 


NOTES 


EXAMPLE 3. 


APPLICATION 


Both processors take the same number of clock cycles for cycles; the 80386SX takes 2,584 (an additional 204 clocks) 
initialization before the call and closing up after the call (84). to execute the same routine. In this example, the LOOP 
The loop that does the adding is faster on the 80C286. To _ instruction gives the 80C286 the performance advantage 
add two 100 word arrays, the 80C286 would take 2,380 clock over the 80386SX. 
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EXAMPLE 4 


This procedure is an example of an operating system 
procedure developed for a protected mode multi-privilege 
level system. The procedure INIT_SEGMENT is passed a 
segment selector on the stack and will load that entire 
segment with zero’s. The procedure is designed to execute 
at privilege level zero with a call gate at privilege level 3; this 


allows procedures executing at any level to utilize the 
INIT_SEGMENT procedure. INIT_SEGMENT provides 
protection checks to ensure that the procedure passing the 
parameter has valid access to the segment that it is trying to 
initialize. This prevents a procedure at privilege level three 
from initializing a segment at privilege level zero. 


80C286 80386SX 
CLOCK CYCLES | CLOCK CYCLES INIT_SEGMENT PROC FAR WC = 1 


PUSHA 
PUSH ES 

MOV BP, SP 
MOV AX, (BP+22) 


MOV BX, (BP+20) 


ARPL AX, BX 


VERW AX 
JNE ERROR 
MOV ES, AX 


LSL CX, AX 
XOR DI, DI 
XOR AX, AX 
CLD 

REP STOSB 
CLC 


POP ES 
POPA 
RET 2 
STC 


ERROR: 


; Save caller's registers. 

; save ES register. 

; Point BP to top of stack. 

; Load AX with segment selector 
; passed as parameter on stack. 
; Load BX with return CS to 

; determine caller’s CPL. 

; Adjust the Privilege level of 

; the segment selector according 
; to the caller’s CPL. 

; Test for valid write access 

; If no valid access go to error. 

; LOAD ES with segment to be 

; initialized. 

; Load segment size into CX. 

; Load zero into DI. 

; Load zero into AX. 

; Clear decrement flag. 

; Init entire segment to 00. 

; Clear carry to indicate segment 
; initialized with no errors. 

; Restore ES register. 

; Restore Register 

; Ret FAR to different privilege 


; SET carry to indicate error. 


JMP DONE 
; Code to push selector on stack and initiate INIT SEGMENT via call gate. 


PUSH DATA_SELECTOR 
CALL INIT_SEGMENT_GATE 


; Place Selector on stack. 
: Instruction to initiate 
; INIT SEGMENT procedure. 


Total clocks if ERROR because segment not accessible. 


283+(3"*S) 377+(5*S) 


Total number of clocks if segment is initialized to zeros. “S” represents size of segment in 
bytes. 


EXAMPLE 4. 


This example shows that when executing instructions used 
for privilege verification and privilege level transitions the 
80C286 is faster than the 80386SX. Without taking the 
LODS instruction into account, the 80C286 is 54 clock 


cycles faster when executing the same procedure. With the 
LODS instruction, and assuming a segment size of 100 
bytes, the 80C286 would execute this routine 254 clock 
cycles faster than the 80386SX. 
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EXAMPLE 5 


This Procedure is a task dispatcher that is invoked via an 
interrupt to cause a task switch to occur. This procedure 
utilizes a circular linked list of the tasks that need to be 
executed. A pointer called “CURRENT_TASK” points to the 
data structure for the current task being executed. The data 
structure contains the TSS for the task it is describing and a 
NEXT field that points to the data structure of the next task in 
the list to be executed. When the Task Dispatcher is invoked 


TSS1_SEL 


CURRENT_TASK ——> 


it switches the current pointer to the next task in the list and 
then invokes the new task by jumping to the TSS for that 
task. The data structure for the linked list is illustrated below. 


The task dispatcher is actually a separate task that is 
invoked via an interrupt that signals that a new task should 
be initiated. Following is a listing for the simple task 
dispatcher. 


TSS2_SEL 
NEXT_PTR 


TSS3_SEL 
NEXT_PTR 


80C286 80386SX 
CLOCK CYCLES | CLOCK CYCLES TASK_DISPATCH PROC FAR 


MOV BX, CURRENT TASK + 2 


MOV CURRENT TASK, BX 


JMP DWORD PTR (BX-2) 
JMP START 


‘ Load BX with contents of next 
: field of current TASK. BX will 
- contain the address of the data 


- structure for next task to run 


; Update Current Task to point to 


; new task to be executed. 

; Start new task by jumping to TSS 
; JUMP to start for next time the 

; TASK dispatcher is invoked. 


EXAMPLE 5. 


The advantage of the 80C286 in this case is in the faster 
task switch instruction. The task switch instruction is 116 


clock cycles faster on the 80C286 than on the 80386SX. 


This performance increase makes the 80C286 the clear 


choice for multi-tasking applications. 
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Appendix 


This appendix contains a table directly comparing the 
number of clock cycles necessary to execute all the instruc- 
tions available on both the 80C286 and the 80386SX. The 
table includes several addressing modes of each instruction. 


The table has five columns. The first column list the 
instruction being compared. The second column lists the 
number of clock cycles that the 80C286 needs to execute 
that instruction. The third column lists the number of clock 
cycles needed by the 80386SX to execute the same instruc- 


APPENDIX TABLE 


NUMBER CLOCKS 
TO EXECUTE ON 


80C286 INSTRUCTION 80C286 


ADC reg, reg 


ADC mem, reg 
ADC reg, immed 
ADC mem, immed 
ADD reg, reg 
ADD mem, reg 
ADD reg, immed 
ADD mem, immed 
AND reg, reg 
AND mem, reg 
AND reg, immed 


N ON DOD N WN NY NWN DN W 


AND mem, immed 

ARPL reg, reg 

ARPL mem, reg 

BOUND (no interrupt) 

CALL immed (near) 

CALL immed (far real mode) 

CALL immed (far PVAM) 

CALL gate (same privilege PVAM) 
CALL gate (different privilege PVAM) 
CALL TSS (Task Switch PVAM) 
CALL task_gate (Task Switch PVAM) 
CBW 

CLC 

CLD 

CLI 

CLTS 

CMC 

CMP reg, reg 


—_> — 
— Oo 


CMP mem, reg 


tion. The fourth column divides the number of cycles needed 
by the 80386SX by the number of cycles needed by the 
80C 286. If this figure is greater than one, (see fifth column) 
then the 80C286 is faster than the 80386SX. For example, a 
2.0 would indicate the 80C286 executes the same instruc- 
tion twice as fast as the 80386SX. A 1.0 indicates that both 
processors execute the instruction in the same number of 
cycles. A number less than one indicates the 80386SX is 
faster than the 80C286. 


NUMBER CLOCKS 
TO EXECUTE ON 
80386SX 


80C286-16 FASTER 
THAN OR EQUAL 
TO 80386SX-16 


80386SX/ 
80C286 


on ee ee aa, ee, 


an yO oa Oo YO NY W 
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APPENDIX TABLE (Continued) 


NUMBER CLOCKS NUMBER CLOCKS 80C286-16 FASTER 
TO EXECUTE ON TO EXECUTE ON 80386SX/ THAN OR EQUAL 
80C286 INSTRUCTION 80C286 80386SX 80C286 TO 80386SX-16 


CMP reg, immed 
CMP mem, immed 
CMPS 

CWD 

DAA 

DAS 


DEC reg 

DEC mem 

DIV word, reg 

DIV word, mem 

ENTER immed1, immed2 (immed 2 = 6) 
HLT 

IDIV word, reg 

IMUL word, mem 

IN 

INC reg 

INC mem 

INS 

INT 3 (real mode) 

INT immed (real mode) 

INT immed (PVAM same privilege) 
INT immed (PVAM different privilege) 
INT TASK_GATE (PVAM Task Switch) 
INTO (No Jump) 

INTO (YES Jump real mode) 

IRET (real mode) 

IRET (PVAM same privilege) 

IRET (PVAM different privilege) 

IRET (PVAM task switch) 

Jcond label (No jump) 


NOTES 


Jcond label (Yes jump) 

JMP near_label 

JMP Far_label (real mode) 

JMP FAR_LABEL (PVAM) 

JMP CALL_GATE (PVAM same privilege) 
JMP TASK_GATE (PVAM task switch) 
JMP TSS (PVAM task switch) 

LAHF 

LAR reg 

LAR mem 

LDS (real mode) 

LDS (PVAM) 

LEA 

LEAVE 


APPLICATION 


V 
V 
| 
I 
J 
V 
| 
NI 
I 
NI 
I 
"| 
V 
V 
V 
| 
| 
J 
y 
V 
V 
V 
V 
J 
V 
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APPENDIX TABLE (Continued) 


NUMBER CLOCKS NUMBER CLOCKS 80C286-16 FASTER 
TO EXECUTE ON TO EXECUTE ON 80386SX/ THAN OR EQUAL 
80C286 INSTRUCTION 80C286 80386SX 80C286 TO 80386SX-16 


LGDT 

LIDT 

LLDT reg 
LLDT mem 
LMSW reg 
LMSW mem 
LODS 

LOOP (Jump) 
LOOP (No Jump) 
LSL reg 

LSL mem 
LTR reg 

LTR mem 


WO. Ge, Wh Ws, hee We Wa Bo, ay Bez tes Ms, 


MOV reg, reg 

MOV mem, reg 

MOV reg, immed 

MOV mem, immed 

MOV seg_reg, reg (real mode) 
MOV seg_reg, mem (real mode) 
MOV seg_reg, reg (PVAM) 
MOV seg_reg, mem (PVAM) 
MOVS 

MUL reg 

NEG reg 

NEG mem 

NOP 

NOT reg 

NOT mem 


OR reg, reg 


OR mem, reg 

OR reg, immed 

OR mem, immed 
OUT 

OUTS 

POP reg 

POP mem 

POP seg_reg (real mode) 
POP seg_reg (PVAM) 
POPA 

POPP 

PUSH reg 

PUSH mem 

PUSH seg_reg 
PUSHA 


On Ow Bo 2. Be Ae eA Se 
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APPENDIX TABLE (Continued) 


NUMBER CLOCKS NUMBER CLOCKS 80C286-16 FASTER 
TO EXECUTE ON TO EXECUTE ON 80386SX/ THAN OR EQUAL 
80C286 INSTRUCTION 80C286 80386SX 80C286 TO 80386SX-16 


PUSHF 

RCR or RCL reg, 1 

RCR or RCL mem, 1 

RCR or RCL reg, cl (cl = 4) 
RCR or RCL mem, cl (cl = 4) 
RCR or RCL reg, 4 

RCR or RCL mem, 4 

ROR or ROL reg, 1 

ROR or ROL mem, 1 

REP INS (cx = 100) 

REP MOVS (cx = 100) 
REP OUTS (cx = 100) 
REP STOS (cx = 100) 
REP CMPS (cx = 100) 
REPE CMPS (N = 100) 
REPE SCAS (N = 100) 


RET (near) 

RET (far real mode) 

RET (far PVAM same privilege) 

RET (far PVAM different privilege) 
SAHF 

SHIFT reg, 1 (SHIFT = SAL, SAR, SHR) 
SHIFT mem, 1 

SBB reg, reg 


CG @—. 2. £ 4. <a. ee. 2. xe, oe, eae, Se, Se. Se. eS Se Ss. 


SBB mem, reg 
SBB reg, immed 


SBB mem, immed 
SCAS 
SGDT 

SIDT 

SLDT reg 
SLDT mem 
SMSW reg 
SMSW mem 
STC 

STD 

STI 

STOS 

STR reg 
STR mem 
SUB reg, reg 


2 
2 
7 
2 
7 
3 
7 
7 


—_— 
APPLICATION 
NOTES 


SUB mem, reg 
SUB reg, immed 


N WN ND WNY WN NY DM WO ND WH NY 


SUB mem, immed 
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APPENDIX TABLE (Continued) 


NUMBER CLOCKS NUMBER CLOCKS 80C286-16 FASTER 
TO EXECUTE ON TO EXECUTE ON 80386SX/ THAN OR EQUAL 
80C286 INSTRUCTION 80C286 80386SX 800286 TO 80386SX-16 


TEST reg, reg 
TEST mem, reg 
TEST reg, immed 
TEST mem, immed 
VERR reg 

VERR mem 
VERW reg 

VERW mem 
WAIT 

XCHG reg, reg 
XCHG reg, mem 
XLAT 

XOR reg, reg 
XOR mem, reg 
XOR reg, immed 
XOR mem, immed 


TOTAL number clocks to execute all instructions 
AVERAGE 

Number of Instructions faster on 80C286 
Number of Instructions equal on both processors 


Number of Instructions faster on 80386 


Total Number of instructions analyzed 
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Using the HS-3282 ARINC Bus Interface Circuit 


Author: Daniel B. Clifton 


Introduction 


The Harris HS-3282 is a high performance CMOS program- 
mable bus interface circuit that was designed to meet the 
requirements of ARINC Specification 429, and similarly 
encoded, time multiplexed serial data protocols. Its simple 
but efficient design allows the HS-3282 to be used without 
major complications in a variety of applications. By setting 
an internal control register, the HS-3282 can be 
programmed to operate at different data rates and with 
different word lengths, and to transmit either even or odd 
parity. The device can also be programmed to operate with 
or without a unique address (SDI — source/destination 
identifier), and with or without its self test mode 
implemented. Although the HS-3282 was designed to 
transmit and receive high-speed data rates (100K BPS or 
12.5K BPS), standard baud rates of 9600 or 1200 BPS can 
be implemented by reducing the input clock frequency. The 
timing requirements of the HS-3282 make it compatible with 
8086 microprocessor or other similarly based systems 
operating at 5MHz or less. Designed to meet the critical 
needs of today’s advanced aircraft, the HS-3282 is a 
cornerstone of reliability for systems that cannot tolerate a 
wide margin of error. 


Functional Operation of the HS-3282 


In order to clarify and expand on the basic details given in 
the data sheet, the following information has been provided 
to point out some of the particularities of the HS-3282. 


Clock Frequencies 


The two receiver output signals, D/R1 and D/R2, have a 
minimum pulse width of one clock period. Because of this, 
when using a slower clock rate than 1MHz to drive the 
HS-3282, these outputs may remain in a low state for a few 
microseconds after the data in the receivers is fetched. This 
could cause the same data to be fetched more than once if 
these outputs are used to drive state sensitive interrupt 
requests; therefore, it is necessary to use edge sensitive 
interrupt requests, as mentioned in the typical application of 
the HS-3282 below. 


Bi-Directional Data Bus 


Data transfer to and from the host is accomplished via a 
16-bit bidirectional, three-stated bus. The control of this bus 
is completely internal to the HS-3282. When data is written 
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to the transmitter or the control word register, the bus is 
automatically enabled as an input; when data is read from 
the receivers, the bus is automatically enabled as an output; 
at all other times, the bus is in a high impedance state and 
will not interfere with external operations. 


Setting Up the Control Word Register 


When a low to high transition occurs on the CWSTR pin, the 
data on the eleven most significant bits of the bidirectional 
bus is latched into the control word register. The location and 
function of each of these bits is shown in the data sheet. 


Receiver Operation 


Incoming data from the line receiver (or from the self test 
circuit) is shifted into the data shift register by the word gap 
timer on an edge sensitive basis. This results in a high data 
rate tolerance; although ARINC specification 429 requires at 
least a +1% tolerance, the HS-3282 has at least a +10% 
tolerance at all data rates. In order to prevent reception 
errors, the word gap timer is designed to disable and reset 
the receiver upon reception of two consecutive null times (or 
two consecutive data times), and re-enable the receiver after 
four additional null times. If a word of the proper length (and 
SDI) has been received by this time, the word will be latched 
and the D/R flag of the corresponding receiver will go low to 
signal the host that a valid word is ready to be fetched. (For 
the most efficient operation, the D/R flags should be used to 
generate interrupt requests to the host system.) It should be 
noted that the parity bit that is stored in the receiver latch 
may be different than the parity bit of the word that was 
received. This is because the parity bit that is stored in the 
receiver latch is actually a parity flag, indicating by its status 
the parity of the word that was received: if the parity of the 
word received was odd, the parity flag will be a logic “O”; if 
the parity of the word received was even, the parity flag will 
be a logic “1”. 


Once a word is ready to be fetched, it may be read by the 
host system in two 16-bit parts over the bi-directional bus by 
strobing the appropriate EN line low twice, once with the 
SEL line low to read “word 1” and once with the SEL line 
high to read “word 2”. (If preferred, “word 2” may be read 
before “word 1”, or the EN line may be held low for one long 
pulse while the SEL input is toggled to select first one word 
and then the other.) The actual ARINC contents of these two 
16-bit “words” (or the contents of the 25-bit word length) is 
shown in the data sheet. It should be noted that the D/R flag 
will not be reset unless both words are read. 
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Transmitter Operation 


As mentioned in the data sheet, the transmitter has a FIFO 
that can hold up to eight data words. Although the HS-3282 
has two inputs, PL1 and PL2, used to write data into the 
FIFO, the data is not actually entered into the FIFO until the 
second input (PL2) is pulsed low. Therefore, the first half of 
each data word must be written to the HS-3282 first. Then, 
when the PL2 input is pulsed low to write the second half of 
the word, the proper data will be transferred into the FIFO. 


The HS-3282 transmitter is designed to transmit data in sets 
containing from one to eight 32 or 25-bit words. It is of 
primary importance that the transmitter FIFO not be 
disturbed while this transmission is taking place; therefore, 
systems should be designed to disallow writing to the FIFO 
while transmission is taking place. The only exception to this 
rule is that words can be written into the FIFO while the first 
word (only) is being transmitted; if transmission of a second 
word is started before the TX/R has returned to a high state, 
the FIFO must remain undisturbed until the entire transmis- 
sion sequence is completed and the TX/R flag goes high. 
The TX/R flag becomes useful here as an interrupt request 
output to the host system, signaling that the FIFO is ready 
for another set of data words. 


It is also of primary importance that the ENTX input remain 
high for the duration of the transmission sequence or the 
integrity of the data in the FIFO will be broken. This can best 
be accomplished by feeding the TX/R flag through an 
inverter and back into the ENTX input. This application will 
enable the transmitter as soon as the first word is written into 
the FIFO, and keep it enabled until the transmission 
sequence is completed; since most host systems operate at 
much greater speeds than the transmitter, an additional 
seven words could easily be written into the FIFO while the 
first word is still being transmitted. 


The value of the parity bit as written into the FIFO makes no 
difference since the transmitter sets the parity bit at 
transmission time according to the type of parity that it has 
been programmed to transmit. 


Lightning Protection 


Although the bus driver has been protected by a 100mW 
fuse capable of sinking up to 1A for short periods of time 
(100ms) and internal zener diodes which saturate at about 
8.7V, the bus interface circuit has no such protection for its 
receiver inputs. Because of the possibility of a lighting strike 
to aircraft, additional protection should be used to protect 
both the HS-3282 and the bus driver from high voltage 
spikes. External avalanche diodes with high power ratings 
(five or ten watts) should be used to clamp the bus at about 
+6.8V. This will prevent the fuse and the zeners in the driver 
from being burned out by current surges, and it will keep the 
voltage level on the inputs of the receiver within acceptable 
limits. 


A Typical Application of the HS-3282 


The following example shows one possible way to interface 
the HS-3282 with a host system. Although different applica- 
tions may require different approaches, most systems will 
have requirements similar to those that have been met here. 


Logical Control 


As shown in Figure 1, the support circuitry necessary to 
integrate the HS-3282 into a system primarily involves a 
logic circuit to drive the control inputs. In most cases, this 
can be achieved using microprocessor RD and WR bus 
control signals and two address lines in conjunction with a 
decoded chip select line and a DEN (data enable) line. 
During READ operations, the particular function (EN1 or 
EN2) is selected when the proper address is present while 
the RD line is low; note that the second LSB of the address 
bus is used to select either word 1 or word 2. The DEN line is 
used to signal the BIU to place its data on the bus. 


Therefore, for read operations, the only timing requirement 
the host system must meet is a minimum DEN pulse of 
200ns plus the propagation delay of the enable gates. 
During write operations, the WR line is inverted and used 
instead of the DEN line to enable the particular function 
(CWSTR, PL1, or PL2) previously selected by the address 
bus. Since the minimum data hold time of the HS-3282 is 
Ons, the timing requirement for write operations, besides the 
minimum 200ns WR pulse, is a minimum data disenable 
delay equal to the total propagation delay caused by the 
function enable gates. 


Address Decoding 


In the system shown, the transmitter FIFO is decoded as 
addresses F8 (first word) and FA (second word), and the 
control word register is at FC; writing to these addresses will 
load the corresponding registers of the HS-3282. Receiver 
latch #1 is at addresses F8 (first word) and FA (second 
word), and Receiver latch #2 is at addresses FC (first word) 
and FE (second word); reading these addresses will load the 
data from the corresponding receiver latch of the HS-3282. 
Note that an address line can be connected directly to the 
SEL input of the HS-3282 to perform the receiver latch word 
select function. Since it is impossible to write to the receiver 
latches or to read the transmitter FIFO and the control word 
register, the addresses of the read functions can overlap the 
addresses of the write functions without presenting a 
problem. See Table 1. 


TABLE 1. TYPICAL HS-3282 FUNCTIONAL DECODING 


ADDRESS 


a 
[w | bee ee 
WK 


EN1 EN1 
(2nd 


Word) 


EN2 
(ist 
Word) 


EN2 
(2nd 
Word) 
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DO-15 16 BDO-15 
DEN 
Al SEL 


A2 as a A 
FUNCTION re seedy 
; NABLE . 
A3-A7 5 ae . SELECT /\ 
DECODE TUR 


SBECODE Le 


INTERRUPT REQUESTS DECODE 3 
FIGURE 1. TYPICAL HOST TO HS-3282 INTERFACE LOGIC 
Interrupts 


For the most efficient operation, any system incorporating 
the HS-3282 should provide conditions by which the device 
can generate interrupt requests to the host system. If both 
receivers are being used, then a minimum of three interrupt 
vectors are needed: one (TX/R) to signal the end of a data 
set transmission, and one for each of the receivers (D/R) to 
signal the presence of a valid word ready to be fetched. 
Since the TX/R signal can remain high for indeterminate 
periods of time while the transmitter is inactive, the requests 
should be received by the host on an edge sensitive basis. 


Software Requirements Ss 
A flowchart of a simple algorithm that the host system could gy Ee a 
use to exercise and monitor the functions of the HS-3282 is oO 5 
shown in Figure 2. In order to begin, the HS-3282 must be ae 
initialized with a control word, then the host should set some = 


flag in system memory to indicate that the transmitter is 
available. If data is ready to be transmitted, the host should 
store the data in a temporary buffer until the transmitter 
becomes available. At this time, the data is taken from the 
buffer and loaded into the transmitter FIFO (eight 32-bit 
words maximum). After loading the FIFO, the host should 


SIGNIFY TX 
UNAVAILABLE 


reset the flag in system memory mentioned previously to aie FETCH DATA 
indicate that the transmitter is no longer available. Unless an INTERRUPT TECH AND 
interrupt is received by this time, the host can move on to ? RESPOND 
other tasks or continue storing data in the temporary buffer 


(as shown by the broken arrow). If a D/R interrupt is 
received, data can be read from the receiver latch and any 
corresponding action taken. If a TX/R interrupt is received, 
the transmitter available flag should be set once again, and 
any ready data in the buffer could be written into the FIFO. 


TX/R 
INTERRUPT 
? 


FIGURE 2. SIMPLE HS-3282 DRIVER ALGORITHM 
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Adapting the HS-3282 to an 8-Bit Data Bus 


Although designed for a 16-bit data bus, the HS-3282 can be 
used in systems with an 8-bit data bus by adding a few exter- 
nal components. The following example shows how this can 
be done. 


Logical Control 


Figure 3 shows the circuitry necessary to integrate the 
HS-3282 into a system that utilizes an 8-bit data bus. The 
circuit is very similar to the one in Figure 1, the primary 
difference being the addition of the logic circuitry necessary 
to drive two input/output latches. The primary purpose of this 
additional circuitry is to latch the high order byte of data so 
that the host system can accomplish each 16-bit data 
transfer with the HS-3282 by using two separate 8-bit 
operations. Each of the two latches serves a specific 
purpose: the output latch provides the HS-3282 with the 
high order byte during write operations (PL1, PL2, and 
CWSTR), and the input latch receives the high order byte 
during read operations (EN1 and EN2). The outputs on 
these latches should be three-stated to avoid bus conten- 
tion. The least significant bit of the address bus is used to 
activate the latches onto the host system data bus whenever 
the host system is performing high order byte operations, 
and this same address bit is inverted and added as an input 
to each of the function enable gates to prevent the HS-3282 
from being activated at the same time. During low order byte 
operations, the outputs of the function enable gates are used 
to activate the latches onto the high order byte of the 
bidirectional bus of the HS-3282, allowing the BIU to 
instantaneously transfer a full 16-bit word. Since the latches 
are automatically activated in unison with the BIU during low 


order byte operations, the high order byte must be handled 
first during write operations so that the proper data will be 
present in the output latch when the lower byte is written to 
the BIU. Conversely, the low order byte must be handled first 
during read operations since the high order byte is automati- 
cally strobed into the input latch when the low order byte is 
read. Timing requirements are increased by the additional 
logic gates; read operations now require a minimum DEN 
pulse equal to 200ns plus the propagation delays of two 
logic gates, a one-shot, and the input latch; write operations 
now require a minimum delay from address valid to WR 
enable equal to the propagation delays of two gates and a 
minimum WR pulse of 200ns plus the propagation delays of 
two gates and the output latch. 


Note that one shots are used to drive the strobes on the 
latches. This is necessary so that the falling edge of the 
strobe occurs while the data is still active on the bus; 
otherwise, the propagation delays of the additional gates 
would cause the latches to close after the data had been 
disenabled. 


Address Decoding 


The system in Figure 3 will have the same functional 
addresses as the system in Figure 1 except that in this case 
each particular byte of each register has its own address. 
Therefore, the FIFO is still located at addresses F8 (first 
word, low byte) and FA (second word, low byte); however, 
the high bytes must be addressed as F9 (first word) and FB 
(second word). The receivers are addressed in the same 
way as shown in Table 2. 


TABLE 2. TYPICAL HS-3282 FUNCTIONAL DECODING USING AN 8-BIT DATA BUS 


Low Byte 
1st Word 


High Byte 
1st Word 


Low Byte 
2nd Word 


High Byte 
2nd Word 


Low Byte 
ist Word 


High Byte 
1st Word 


Low Byte 
2nd Word 


High Byte 
2nd Word 
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INTERRUPT REQUESTS DECODE 3 


FIGURE 3. TYPICAL HOST TO HS-3282 INTERFACE LOGIC USING AN 8-BiT DATA BUS 
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Conclusion 


Although it was designed for ARINC applications, the 
HS-3282 bus interface circuit is a very versatile device, 
capable of serving any type of communications purpose. Its 
high speed capability and its high reliability make it 
especially useful in scientific and real time operations where 
large volume data gathering and time critical transmission of 
control signals is required. These qualities, in combination 
with the simplicity with which the device may be incorporated 
into a system, make the HS-3282 a wise choice for a wide 
spectrum of applications. 


ARINC Specification 429 A Brief Overview 


ARINC Specification 429, otherwise known as the Mark 33 
Digital Information Transfer System (DITS), is a definition of 
standards used extensively by the air transport industry for 
the transfer of digital data between avionics systems 
elements. Systems utilizing this standard have been 
installed in a wide range of aircraft including the Boeing 737, 
747, 757, and 767; the European Airbus; Bell Helicopter; 
and a large number of small aircraft. Replacing the earlier 
ARINC Specification 419 which had standardized the 
various forms of serial transmission developed during the 
emergent period of digital avionics technology, Specification 
429 eliminates much of the previous confusion by defining 
the standard for a single form of serial transmission. 


According to Specification 429, digital data is transmitted via 
a differential signal over a uni-directional bus composed of 
two twisted and shielded wires. The data is sent in 32-bit 
words, each word containing a parity bit and an eight-bit 
label that defines the flight function to which the remaining 
data pertains. This data, encoded in either numeric (binary 
or BCD) or alphabetic (ISO No. 5) format, is further divided 
into various fields according to label type. In order to 
completely standardize communication and _ prevent 
conflicts, all flight functions have been assigned a particular 
label and data format. 


The ARINC Specification 429, by defining a single standard 
for the transfer of digital information, eliminates the need for 
complex interfaces between avionics systems produced by 
different manufacturers. This provides those avionics 
components that conform to this standard with a virtual 
“plug-in” capability, and gives such components a certain 
measure of universality. For more information about this 
specification, contact Aeronautical Radio, Inc., 2551 Riva 
Road, Annapolis, Maryland 21401. 
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Design of Clock Generators for Use with COSMAC 
Microprocessor CDP1802 


Author: D. Hillman 


Introduction 


Clock signal generation for the CDP1802 COSMAC 
Microprocessor is simple and straightforward. The CDP1802 
features of static operation, single-phase clock input, and the 
on-chip oscillator amplifier make practical the use of a low- 
cost, highly stable, crystal-controlled oscillator as its clock 
generator. The design of external oscillators for this purpose, 
crystal or RC controlled, is equally straightforward and they 
require only minimal circuitry. In addition to the oscillator 
amplifier, the CDP1802 incorporates all necessary start/stop 
logic on-chip. This application note describes clock genera- 
tor designs suitable for various applications. 


Crystal Oscillator Design 


The basic oscillator circuit for the CDP1802 consists of the 
on-chip amplifier and an external feedback network as 
illustrated in Figure 1. For oscillation to occur, the gain of the 
amplifier (a) times the attenuation (B) of the feedback 
network must be greater than or equal to one. In addition, 
the total phase shift through the amplifier and feedback 
network must be equal to N times 360 degrees, where N is 
an integer. Oscillations occur in any system in which the 
amplified signal is returned in phase to the amplifier after 
being attuned less than it was originally amplified. 


180° 
<«<——— PHASE SHIFT ———_> 


(GAIN = a) 


(ATTENUATION = £) 


FEEDBACK 
NETWORK 


180° 
— PHASE SHIFT ———> 


axp21 


FIGURE 1. BASIC OSCILLATOR CIRCUIT 
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The frequency stability of an oscillator is primarily dependent 
upon the phase-changing properties of the feedback 
network. Because of their high Q and inherent frequency 
stability, quartz crystals are commonly used in the feedback 
network. 


A parallel resonant oscillator circuit is shown in Figure 2. The 
phase angle for the type of feedback network shown in this 
figure is extremely sensitive to a change in frequency, a 
condition necessary for stable oscillation. If the equivalent 
resistance of the crystal is in fact zero (infinite Q), a change 
in phase angle of the feedback circuit would not cause any 
change in oscillator frequency. Therefore, for an oscillator of 
highest stability, the Q of the crystal should be as high as 
possible. In general, Q increases with increasing frequency. 


be | 

OPTIONAL : 

I 

Vpp = Vcc 

FEEDBACK s i 
NETWORK 


CPU CLOCK | 


' 
! 
4 
’ 
! ,_, BUFFERED ! 
1 
j 
1 
i 


CRYSTAL cy 


I 
OSCILLATOR , 
AMPLIFIER , 


CDP1802 


FIGURE 2. PARALLEL RESONANT OSCILLATOR CIRCUIT 


The crystal load capacitance, C,, is defined as the series 
sum of C, and Co. Higher values of crystal load capacitance 
generally improve frequency stability, but also increase 
power consumption. The choice of equivalent load capaci- 
tance (usually specified to the crystal suppliers) only fixes 
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the series sum of the two capacitors C; and Co. The value of 
the amplifier output capacitance C, should not be fixed. A 
trimmer should be connected in parallel with, or used in 
place of, a fixed output capacitor to permit compensation for 
variation in stray capacitance and circuit component values. 


The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation 
frequency with load capacitance. The total trimming range is 
mainly a function of the crystal characteristics. For a more 
detailed analysis, see Reference 4. 


Practical Oscillator Circuits 


The amplifier, feedback network, and crystal considerations 
discussed in the preceding paragraphs can be combined for 
the design of a crystal-controlled oscillator for the CDP1802. 
The majority of microprocessor applications do not require 
the frequency of oscillation to be so exact as to require oscil- 
lator trimming. An “untrimmed” crystal oscillator will be within 
1% of its specified crystal frequency. For most microproces- 
sor applications the following simple guidelines can be used. 


1. The crystal should be connected between terminals 1 
and 39 of the CDP1802. 


2. For crystal frequencies between 100KHz and 6.4MHz, a 
10MQ to 22MQ feedback resistor should be used in par- 
allel with the crystal. 


3. Capacitors C; and Cy are not required but a value of 
between 20pF and 30pF for each is recommended to 
improve stability. 


It should be noted that the on-chip oscillator and timing 
generator are capable of operating at frequencies higher 
than the microprocessor maximum operating frequency. For 
reliable operation, the crystal frequency must always be less 
than or equal to the maximum operating frequency specified 
in the CDP1802 data sheet. 


A practical example, the CDP18S020 Evaluation Kit oscilla- 
tor, consists of a 10MQ feedback resistor and a 2MHz AT cut 
crystal, both connected in parallel across terminals 1 and 39 
of the CDP1802. (Crystal: Part No. X023303; C,=15pF; 
Series M1; holder, series HC330; made by Turotel, Inc., 
13402 S. 71 Highway, Grandview, Missouri 68030.) Provi- 
sions for oscillator capacitors are made in the Evaluation Kit, 
but their use is not required. The increase in oscillator stabil- 
ity with respect to supply voltage that can be obtained by 
adding the capacitors is shown in Figure 3. 


CRYSTAL = 2MHz, AT CUT 


AV = 1V, Q = 50 - 100K, TYP eae 
Ht ttt tt tt 
NER 
Nit ttt ty ty 
PIN; EP tT tt 
pe] NEE ETT Ty 
(EEN EE ET 
pt tt | ee 
0 5 10 15 


20 25 
LOAD CAPACITANCE, (pF) 


FIGURE 3. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 
AS A FUNCTION OF LOAD CAPACITANCE VALUE 


CHANGE IN FREQUENCY (Af/AV) 
PARTS PER MILLION 


The amplifier stability also depends upon the value of the 
resistor in the feedback network. Figure 4 shows the 
relationship between the feedback resistor value and 
oscillator stability. The curve indicates that 10MQ is an ade- 
quate value for the feedback resistor. 


CRYSTAL = 2MHz, AT CUT 
AV = 1V, Q = 50 - 100K, TYP 
1 
ine 
5 aii | tt 


| 
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CHANGE IN FREQUENCY (Af/AV) 
PARTS PER MILLION 
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FIGURE 4. STABILITY OF CDP1802 CRYSTAL OSCILLATOR 


AS A FUNCTION OF FEEDBACK RESISTANCE 
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External Clock Generators 


For low-frequency applications (less than 500kHz) a cost- 
effective approach may be to use external RC-controlled 
oscillators. Three simple RC-controlled oscillators that may 
be used to clock the CDP1802 are shown in Figure 5. When 
an external clock is used in high-noise environments, a 20pF 
to 30pF capacitor between terminal 39 (XTAL) of the 
CDP1802 and ground may be used to increase the micro- 


processor noise immunity. 
__ | (VtR) (Vpp -Vtr) 
T = -RC in a ae 
(Vop + Vpiope) 
R Cc | 


[AT 


(1/3 CD4069B) 


FIGURE 5A. INVERTER TYPE OSCILLATOR (SEE REFER- 
ENCES 5 AND 6) 


CD4047A T=4.4RC 


FIGURE 5B. RC OSCILLATOR USING DIGITAL IC CD4047A 
(SEE REFERENCES 5 AND 6) 


Vop 


[-T 


oe 


(1/4 CD4093B) 


FIGURE 5C. SCHMITT-TRIGGER-TYPE RC OSCILLATOR (SEE 
CD4093B DATA SHEET) 


FIGURE 5. THREE SIMPLE RC-CONTROLLED OSCILLATOR 
CIRCUITS SUITABLE FOR USE AS EXTERNAL 
CLOCK FOR CDP1802 MICROPROCESSOR (OUT- 
PUT CONNECTED TO PIN 1 THROUGH 
EVALUATION KIT P2-W) 


The selection of the R and C should be compatible with sys- 
tem requirements. The capacitor should be non-polarized 
and have low leakage. There is no upper limit for either R or 
C values to maintain oscillation. However, C should be larger 
than the inherent stray capacitance. R must be larger than 
the output impedance of the COS/MOS device, which is typ- 
ically hundreds of ohms. In addition, with very large values of 
R, some short-term instability with respect to time may be 
noted. Based on these considerations recommended values 
for these components are: 


C - greater than 100pF, up to any practical value 
R - greater than 10kQ, but less than 1MQ 


With large values of R and C, the circuit in Figure 5(c) can be 
used. This circuit, because of its hysteresis, eliminates multi- 
ple output pulses caused by noise on the input RC wave- 
form. For a more detailed analysis, see References 5 and 6. 


Clock Buffering 


In some applications it may be desirable to supply the CPU 
clock signal to other system components. In such cases the 
loading on the oscillator circuit should be minimized by buff- 
ering the clock through a COS/MOS inverter, as shown in 
Figure 2. The loading presented by the inverter will be 
mainly capacitive, about 5pF, and can usually be neglected 
in non-critical designs. The buffer should be located close to 
the crystal in order to minimize stray capacitance. 


When the crystal oscillator is being trimmed to its desired 
frequency, the buffered clock technique should also be used 
to prevent the oscillator from being loaded by the frequency 
counter. 
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User’s Guide to the CDP1879 and CDP1879C1 CMOS 


Real-Time Clocks 
Author: D. Derkach 


Introduction 


The CDP1879 and CDP1879C1 Real-Time Clocks [1] are 24 
pin devices, each consisting essentially of a long string of 
counters that supply standard clock time and date informa- 
tion in BCD format, Figure 1. In addition, the CDP1879 
features an alarm circuit that activates the interrupt output 
pin and a separate clock output pin that provides a program- 
mable square-wave output signal. Both the internal-alarm 
and clock-out signals can trigger the interrupt output pin, so 
that a status register is available to indicate the interrupt 
source. Users can supply a signal to the power-down pin 
that allows the interrupt-output pin level to control external 
power-down and wake-up circuits. Software generally 
required by other real-time clocks to prevent clock rollover is 
eliminated by a transparent “freeze” circuit that assures data 
integrity when accessing the clock. The clock’s counters, 
plus a control register that regulates operation, are 
individually selectable using three address lines. Internal 
control signals governing read and write operations are 
selected through the IO/MEM pin, which places the device in 
a memory-mapped or I/O-mapped mode of operation. 


The real time clocks were designed using Harris PaCMOS 
standard-cell approach and are manufactured under a 
silicon-gate CMOS process. Both the CDP1879 and 
CDP1879C1 have guaranteed dc and dynamic parameters 
that allow operation at temperatures of -40°C to +85°C in a 
plastic package. In addition, both versions can operate in a 
ceramic package from -55°C to 125°C (see data sheet [1] for 
complete static and dynamic values). 


The CDP1879 operates from a supply of 4V to 10.5V. It 
accepts a parallel resonant crystal or will keep time with an 
external clock source. Crystal frequencies are 
1.048576MHz, 2.097152MHz, and 4.194304MHz. The 
CDP1879C1 is the lower voltage version with an operating 
voltage range of 4V to 6.5V. Like the CDP1879, it also oper- 
ates with either an external clock source or at the same crys- 
tal frequencies. It can also run with a 32,768Hz crystal. 


Interfacing - Hardware Considerations 


1/O-Control and Device-Enable Pins 


The real-time clocks, shown in block diagram form in Figure 
1, are designed to interface directly to Harris CDP1800- 
series processors (described briefly below). Therefore, pin 


Copyright © Harris Corporation 1997 


labels on the clocks, Figure 2, match the pin names of these 
processors. Figure 3 indicates clock I/O control and direction 
pins; the functions of these pins are explained immediately 
below. Figure 4 is an I/O control and device-enabled 
schematic. Table 1 shows I/O pin connections. 


TPA (Timing Pulse A) - TPA refers to a timing signal from 
the CDP1800-series processors that occurs early in the 
machine cycle, and that is used to latch the processor's 
multiplexed high-order address. In the real-time clock, this 
pin carries a strobe input used to latch the value of the CS 
pin. In memory-mapped operation, the pin may be tied high, 
requiring that CS be held for the duration of each read or 
write cycle. When the I/O-mapping mode is selected, this pin 
must be pulsed when the CS input is high. 


CS (Chip Select) - The chip-select pin is an active high input 
that is used to enable the clock. 


1O/MEM (I/O or Memory-Mode Select) - This pin is tied low 
to place the clock in the memory-mapped mode, and high 
when I/O operation is desired. Most processors will use the 
memory-mapped mode of operation. 


RD (Read) - When the clock is in the memory-mapped 
mode, RD is an active low signal that enables data from the 
counters or status register to be placed on the data bus for 
the processor to read. When the clock is in the I/O mode, the 
read operation occurs when RD is high; a write operation 
occurs when RD is low and TPB/WR is high. 


TPB/WR (Timing Pulse B/Write) - TPB refers to a timing 
signal from the CDP1800-series processors that appears 
late in each machine cycle and that is used to write data into 
accessed peripherals. When the clock is in the memory- 
mapped mode, TPB/WR is an active low signal used to write 
data into the clock’s counters or control register. During |/O- 
mapping, a high level on this pin allows data latched on the 
trailing edge of the signal to be written into the counters or 
register. 


CD1800-Series Interface 


The clocks interface to CDP1800-series processors that use 
memory-mapping and_ 1l/O-mapping techniques to 
communicate with peripherals and memory. Memory-map- 
ping implies address-line decoding to select memory 
locations and chip selects. With this technique, the real-time 
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clock’s counters and registers are treated as memory 
locations. Read and write signals are active low. The 
CDP1800-series processors include three separate N-lines 
that are active during the 14 I/O instructions. These 
instructions are memory referenced so that data traveling in 
either direction is transferred between the peripherals and 
memory. 
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XTAL| OSCILLATOR F 
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SELECT SELECT 
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When I/O instructions are executed, the memory location is 
the reference for data transfer. Therefore, when an output 
instruction is performed (write cycle) the processor’s RD line 
is activated and puts the data in memory onto the data bus. 
Late in the same cycle, the TPB from the processor is used 
to write data into the peripheral. An input instruction (read 
cycle) allows external data to be placed in memory. The pro- 
cessor’s WR line is activated, and the data is written in. 


CALENDAR 
LOGIC 
pie Tey = 


kena 


COMPARATOR 


FIGURE 1. BLOCK DIAGRAM OF REAL-TIME CLOCK 
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FIGURE 2. REAL-TIME-CLOCK PIN FUNCTIONS 
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FIGURE 4. I/O CONTROL AND DEVICE ENABLE SCHEMATIC 


TABLE 1. I/O PINCONNECTIONS 


CDP1879 PIN 


Harris CDP1800-Series TPA Hi or Decoded Address MWR Vss MAO, MA1, MA2 
(Memory-Mapped) (Note 1) 

Harris CDP1800-Series TPA N or Decoded N Lines TPB Vop NO, N1, N2 

(I/O mapped) 


CDP6805 Hi or Decoded Address SS Bo (Note 2), B1, B2 
Zilog Corp. Z-80™ | Yoo Hi or Decoded Address ecrsped oom WR PAOAIAZ Ai, A2 


8085/NSC800 Hi or Decoded Address be (Note 2), AD1, AD2 
(Note 1) 


NOTES: 
1. May be connected to Vpp when CS is externally latched. 
2. Latch externally. 


Z-80™ is a Trademark of Zilog Corporation. 
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Figure 5 shows a typical memory-mapped interface utilizing 
the CDP1802. This interface places the clock and counter- 
timer in selectable 4k memory blocks. Figure 6 shows the 
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interface of the clock to an 8085 processor, Figure 7 the 
interface to a CDP6805, and Figure 8 the interface to a Zilog 
Corporation Z-80. 
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FIGURE 5. REAL-TIME CLOCK AND COUNTER-TIMER IN MEMORY-MAPPED INTERFACE 
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FIGURE 6B. I/O-MAPPED INTERFACE 


FIGURE 6C. TIMING CYCLES 


FIGURE 6. 8085 INTERFACE AND TIMING 
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FIGURE 7A. CDP6805 I/O-MAPPED INTERFACE 
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FIGURE 7B. TIMING DIAGRAM 
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FIGURE 8. ZILOG CORPORATION Z-80 INTERFACE TO THE CDP1879 
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Timing Considerations 

Figures 9 and 10 show read and write-cycle timing access time, may represent critical limit values when the 
wave forms, respectively. The read and write limits shown _ clock is interfaced to processors operating at their maximum 
must be observed to successfully access the clock. Three of frequency limit. 


the characteristics, hold after read and write, and read 
TABLE 2. READ-CYCLE TIMING CHARACTERISTICS 


READ CYCLE TIMES (NOTE 1) MINIMUM (NOTE 2) 


Data Access from Address 


1. Characteristics at Ty, = -40°C to +85°C; Vpp = 5V +5%; Input ty, te = 10ns; C, = 50pF and 1 TTL load. 
2. Time required by a limit device to allow for the indicated function. 
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' <-> tor to 
ja—— toa —————> 
FIGURE 9. READ-CYCLE TIMING WAVEFORMS 


TPA 


TABLE 3. WRITE-CYCLE TIMING CHARACTERISTICS 


WRITE CYCLE TIMES (NOTE 1) 


APPLICATION 
NOTES 


Chip Select Setup to TPA 


NOTES: 
1. Characteristics at T, = -40°C to +85°C; Vpp = 5V +5%; Input tp, te = 10ns; C, = 50pF and 1 TTL load. 


2. Time required by a limit device to allow for the indicated function. 
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FIGURE 10. WRITE-CYCLE TIMING WAVEFORMS 
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Output Hold After Read (tp}) 


When multiplexed bus processors, in which address and 
data share the same pins, are interfaced to the clock, the 
output-hold-after-read parameter (230ns) may cause bus 
contention. As an example, at 5MHz, the CDP6805 requires 
data to be off the bus within 160ns after data strobe. The 
8085A operating with a 6MHz crystal requires 150ns after 
read. Since the clock may hold data for 230ns, bus conten- 
tion may occur if these processors are interfaced to the clock 
at their maximum operating frequencies. 


Data Hold After Write (tw) 


The real-time clocks require that data be held after the 
trailing edge of the write pulse for 150ns. Neither the 
8085/NSC800, Z-80, nor CDP6805 meet this requirement at 
their maximum operating frequencies. 


Data Access From Read (tpr) 


The clock wil! supply data a maximum of 375ns from the 
leading edge of the read pulse. The data setup requirements 
for processors operating at their maximum frequencies may 
require faster access. 


Hold and Access-Time Solutions 


All of the above parameters are frequency dependent. Often, 
simply lowering the frequency when accessing the clock will 
solve any timing problems. Access times can be extended by 
inserting wait states. Write and read-hold-time problems are 
more difficult to correct; glue parts, such as latches and 
buffers, are required to meet the requirements of these 
timing parameters. 


Interfacing - Software Considerations 


Programming Model 


Figure 11 illustrates the counters, alarm latches, and 
registers that must be accessed to write in and read out time 
and date information. The functions are selected through 
internal decoding of three address lines. Table 4 contains the 
register access codes for different combinations of address 
inputs. Figure 12, a programming model of the same 
registers, shows their read and/or write availability. These 
address lines and data lines, in conjunction with the I/O 
control pins, constitute the interface to the clock. 


When the clock is configured for memory-mapped operation, 
it can be considered as six memory locations that reside in 
an area of memory determined by the definitive decoding of 
the upper address bits. The clock’s |/O-mapped mode 
utilizes the N-lines (I/O lines) and I/O instructions of the 
CDP1800-series processor. The processor's N-lines are 
decoded for use as a chip select, and in a two-level scheme, 
are also used as_ the  address_ input _ signals. 


When other processors are interfaced to the clock, the clock 
will generally be placed in its memory-mapped mode. An 
exception is interface with the CDP6805, where the clock is 
usually wired for I/O operation. 


Writing to and reading from the clock is as straightforward as 
accessing memory. Software considerations regarding clock 
rollover (when the one-second clock may pulse the counters 
during read or write cycles) are eliminated by utilizing the 
freeze circuit (described below), which requires only one 
additional instruction. Use of the freeze circuit eliminates the 
software burden of looking for a signal or register bit that 
guarantees valid data. A write cycle with address 1 and don’t 
-care data before any series of counter accesses (read or 
write cycles) assures that the one-second clock has been 
held and will not interfere with accesses for 250ms. 


SECONDS-TO 
MONTHS 
weiss COUNTERS 
PWR DWN —>o 


secnmurre ole Vpp 


age 


STATUS 
REGISTER a 


BIDIRECTIONAL 
DATA BUS 


FIGURE 11. FUNCTIONS THAT MUST BE ACCESSED TO WRITE 
IN AND READ OUT TIME AND DATE INFORMATION 


Freeze Circuit 


The freeze circuit is designed to allow the user easy access 
to the real-time clock without the fear that clock rollover will 
Cause erroneous time data. Clock rollover problems occur 
during counter reads while the asynchronous one-second 
clock input to the counter-divider chain is rippling through the 
counters. 


As an example in Figure 13A, the one-second clock is about 
to set the time to 0 seconds, 0 minutes and 3 hours. A read 
is performed, and the hours counter indicates 2 hours. But 
before the second and minute counters are read, the one- 
second clock ripples through them, with the result that the 
counters hold the time shown in Figure 13B. When the sec- 
onds and minutes counters are read (Figure 13B), their val- 
ues are correct, but the hours time, read before the ripple, is 
1 hour off. It is apparent that this type of error can be a sub- 
stantial problem, particularly if the date and month counters 
are involved. 
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WRITE AND READ REGISTERS 


SECONDS COUNTER 
MINUTES COUNTER 
HOURS COUNTER 
DAY OF MONTH COUNTER 
READ ONLY REGISTERS 
MONTH COUNTER INTERRUPT STATUS REGISTER 


FIGURE 12. PROGRAMMER’S MODEL OF THE REGISTERS OF 
FIGURE 11 


WRITE ONLY REGISTERS 


CONTROL REGISTER 
SECONDS ALARM LATCH 
MINUTES ALARM LATCH 


HOURS ALARM LATCH 


Operation 


The counter-series string is clocked by the negative 
transition of the one-second clock. This clock transition must 
pass through the freeze circuit before toggling the counter- 
series string, as shown in Figure 14. The freeze circuit 
creates a “window” 250ms wide shown as time (A) in Figure 
15. If the counter reads or writes (for addresses other than 
address 7) are performed during this window, the clock tran- 
sition is held and is not allowed through the freeze circuit 
until time (C) Figure 15, when the transition is inserted into 
the counter series string. If counter accesses are initiated 
just before the one-second-clock transition, the clock would 
toggle the counters 250ms later. Therefore, a requirement 
when using the real-time clocks is to finish operations within 
250ms of the initial access. 


If the clock is accessed during time (A), Figure 15, and then 
accessed again at time (C), when the counter is allowed to 
toggle, ripple problems would occur. To preclude this 
problem, a second window is created by the freeze circuit 
during time (B). This window will allow a write to address 1 to 
immediately reset the freeze circuit and clock the counters. 
Subsequent accesses to the real-time clock will occur well 
after the clock has rippled through the counters. 


If read or write operations are performed during time periods 
other than (A) or (B), the freeze circuit is not functional. 


Figure 16 shows a simplified freeze circuit (a), and the 


sequence of freeze-circuit operation (b). 


TABLE 4. REGISTER TRUTH TABLE 


ADDRESS ACTIVE SIGNAL 


BIT 3 CONTROL 


REGISTER REGISTER OPERATION 
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59 59 02 00 00 03 
1 SECOND = nt 
= Boal Al fl acy 
READ READ READ 


(A) (B) 
FIGURE 13. FREEZE-CIRCUIT READ EXAMPLE 


XTAL 
OR FREEZE 
CLOCK eeemmend PRESCALER SEC. DATE MONTH 
IN 


FIGURE 14. COUNTER SERIES STRING 


i] 
250ms, | 
j= I 


(1) 
500ms 


| 
| 
| | | | 
1 SECOND | @) 
| 


a =! (C) 
' (A) ' (B) ! 


FIGURE 15. FREEZE-CIRCUIT TIMING WAVEFORMS 


READ o 
DP a 
WRITE ¢ |} D; 
NOT ACCESSING ; 
CONTROL REGISTER 500ms © 61 SECOND ih, 
. > , 1 SECOND 
1 SECOND ¢ 1Hz FROM a CLOCK 


PRESCALER 
WRITE " 
ADDRESS 1 = , > (3) 


1 SECOND © © 500ms 


FIGURE 16. (A) SIMPLIFIED FREEZE CIRCUIT, AND (B) FREEZE-CIRCUIT OPERATION 
NOTES: 
1. Set freeze during time period A, (one second clock is held high) 
2. Reset freeze at time period C, 
3. or during time period B if address 1 is present during a write cycle. 


Restrictions on Accuracy 


The data sheet for the real-time clock states that when the _ fore, to assure the 10ms accuracy, the following procedure 
seconds counter is written to, the last 7 stages of the pres- should be used: 

caler are reset, resulting in a 10ms accuracy. Normally, the 
seconds counter will be clocked 1 second from the time of 
the write to the seconds counter. However, if the freeze cir- 2. Dummy write - don’t care data - address 1 

cuit has been activated, this sequence may not occur, there- 3. Write to seconds counter - valid data - address 2 


1. Write to seconds counter - don’t care data - address 2 
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The mild restrictions on accesses to the real-time clock require 
no additional software or hardware considerations to assure 
data integrity. In all other known clocks, software solutions to 
clock rollover problems range from reading and comparing the 
time data twice to sampling register values. Hardware solutions 
vary between stopping any internal clock updates to monitoring 
output-pin transitions. The addition of an address 1 write opera- 
tion preceding accesses to the CDP 1879 real-time clock in con- 
junction with the requirements to finish accesses in 250ms will 
guarantee stable and accurate time data. 


Register Descriptions 


The real-time clock contains a control register to configure 
its operation, and a status register to identify interrupts, five 
registers or counters to hold the time from seconds to 
months, and three additional registers that are referred to as 
alarm latches, which hold the alarm time. 


BIT 


SELECTS ONE 
OF 15 CLOCK 
OUT SIGNALS 


D7 
Ea EEE 


Control Register 


The control register is a write-only register that shares the 
same address as the status register, address 7. A brief 
explanation of the functions of the eight bits in the control 
register are shown in Figure 17; more detail is given in the 
paragraphs that follow. 


Bits 0 and 1 - Frequency Select - The logic levels in bits 0 
and 1 are decoded and used to select the appropriate input 
to the last 14 stages of the prescaler chain, Figure 18. Their 
selection must match the crystal or external clock source 
used to drive the oscillator selection of the real-time clock. 


Bit 2 - Start/Stop - As shown in Figure 18, a 1 in bit 2 
enables the input to last through 14 stages of the prescaler 
chain. A zero in this position inhibits counting. 


SELECTS DIVIDER 


DO 
—_ IN PRESCALER 
CHAIN 


ENABLES COUNTING 


DETERMINES DATA TRANSFER TO/FROM 
TIME OR ALARM REG. 
ALSO ENABLES ALARM. 


FIGURE 17. CONTROL REGISTER 


XTAL 
XTAL 


BIT 0 


ONE SECOND 
OUT TO 
SECONDS 
COUNTER 


a BIT 2 
START/STOP 
BIT 0 BIT 1 BIT 2 
0 0 32,768Hz 0 Stop Counter 
1 QO 1.048576MHz 1 Start Counter 
0 1 2.097152MHz 
1 1 4.194304MHz 


FIGURE 18. FREQUENCY-SELECT OPERATION 


Bit 3 - Counter/Latch Control - Figure 19 is a simplified 
diagram of the counter/alarm latch access. Bit 3 has two 
functions. First, if set to zero, it directs written data to the 
time counters. If set to 1, data is written into the alarm 
latches. This bit function is necessary because the time 
counters and their comparable alarm latches have the same 
addresses. The second function of bit 3 is to enable the 
alarm-out signal. An alarm signal (interrupt output low and 
bit 7 set in the status register) will only appear if this bit (bit 
3) is a logic 1. 


Bits 4, 5, 6 and 7 - Clock Select - Figure 20 is a block 
diagram of the clock-out select function; Figure 21 is a table 


of clock-out selections. Bits 4, 5, 6, and 7 are decoded, and 
enable the required prescaler or time counter output to 
toggle the clock-out pin. 


Status Register 


The status register, Figure 22, is used to indicate the 
interrupt source. Bits 0 through 5 are held low. Bit 6 high 
indicates that a programmed negative clock-out transition 
has occurred, and bit 7 high identifies the alarm circuit as the 
interrupt source. These bits are reset by an external reset or 
by writing to the control register. Note, in Figure 23, the delay 
of approximately 30ms before the alarm signal sets bit 7. 
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SECONDS 7 MINUTES ee DATE MONTH 
) 1 a ¢ ADDRESS 
BUS 


IN 
es i i i 
iN 
CONTROL i i i 


REGISTER 
SECOND 


MINUTE 
ALARM ALARM 
LATCH LATCH 


RESET 
SET 30H 
IN ALARM LATCH 


ALARM SIGNAL 
TO INTERRUPT 


bd OUTPUT PIN AND 
MSB STATUS 
i. REGISTER 
z 
FIGURE 19. SIMPLIFIED DIAGRAM OF COUNTER/ALARM LATCH ACCESS 
ONE SECOND TICK 

XTAL 

XTAL 

BIT TO CLOCK OUT AND 


INTERRUPT OUT PIN 


DECODE ONE OF 15 


ENABLING 
SIGNALS 


NOOO 


FIGURE 20. BLOCK DIAGRAM, CLOCK-OUT SELECT 
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COUNTER/LATCH CONTROL 
START/STOP CONTROL 


CLOCK SELECT 


FREQUENCY SELECT 
CLOCK-OUT 
/7[6]5]4] FREQUENCY | WAVEFORM (1 OF 15) 
SPOPOPOT  Besctoct 
Of; O;O] 1 488.2us 
}0] 0170) 976.5us 
1953. 1s 
3906.2us 
7812.5uS 
15.625ms 
31.25ms 
125.0ms 
250.0ms 
500.0ms 
Po] Hour 
FIGURE 21. CLOCK-OUT SELECTIONS 
DATA BO 
om Vpp DATA B6 
as z DATA B1 
a oa 
1Hz =: 16kHz DATA Be 
WRITE CONTROL 
REGISTER 
RESET a 
= DATA B3 
ae DATA B7 _ 
po DATA B4 Oo 
SIGNAL READ STATUS aa?) 
REGISTER qt wi 
DATA B5 oO 
=O 
a2 
RESET OR WRITE TOUT READ STATUS oO. 
TO CONTROL REGISTER a § 


FIGURE 22. STATUS REGISTER 


1Hz La 1 —r 


ALARM 
STROBE 


SIGNAL ; 
! 


INT OUT a | [-—Ct~— 
RESET | 


FIGURE 23. DEBOUNCE WAVEFORMS 
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Operating Sequence 


Although accessing of the clock is similar to accessing of 
memory, certain procedures should be followed when writing 
the data to assure correct operation. 


The control register is accessed first to set the operating 
characteristics and to direct subsequent accesses to the 
counters or alarm latches. The upper nibble of the control- 
register byte selects one of 15 square-wave output signals 
that appear at the clock-out pin. If a clock-out is selected 
before the time counters are accessed and loaded, an 
inadvertent interrupt may be generated. To preclude this 
occurrence when the interrupt signal is utilized, the upper 
nibble of the control register byte is set to zero during the 
initial control-register write cycle. The time counters and/or 
alarm latches are then loaded. The control register is then 
written to again, and the value in the upper nibble selects the 
required clock. 


Data Format Required (BCD) 


1. Seconds and Minutes counters and alarm latches 00 to 59 


2. Hours counter: 01 to 12 for AM/PM 
00 to 23 for 24-hour time 


Bit 7:0 = AM, 1=PM 

Bit 6: 0 = 24 hour, 1 = 12 hour 

Hour alarm latch: 01 to 12 for AM/PM, 00 to 23 for 24 hour. 
12 hour (AM/PM): Bit 7: 0 = AM, 1 = PM 

If the time counter is set for 24-hour time, bit 7 is don’t care. 


3. Day-of-month counter: 01 to 28, 29, 30 or 31. 
4. Month counter: Jan. = 1, Dec. = 12 
Bit 7: 0 = No leap year, 1 = leap year 


Setting the Time 


The time counters, from seconds to months, are accessed 
and written into using the procedure described below. Data 
entered is in BCD format. For example, 12 seconds in the 


HOUR COUNTER 


SECONDS, 
MINUTES TRUE 
COMPARISON 


BIT 


ie EN ee ee 


HOUR ALARM LATCH 


seconds counter would be represented as 00010010. The 
hours counter, however, utilizes its upper bits for AM/PM 
designation and 12/24-hour selection. Moreover, bit 7 in the 
months counter is set by the user to indicate leap year. All of 
these bits must be set as required in addition to the BCD 
hour and month information. For example, if 4 PM is written 
to the hours counter, a BCD code of 00000100 for the hours 
plus a 1 in bits 6 and 7 to enable PM and 12-hour operation 
would require a data byte of 11000100 (Hex C4). 


Procedure to Set the Time 


1. Chip selected and address 7 present on the address lines 
to access the control register. 


2. Write to control register with the required data byte. Bit 3 
must be set to zero. 


3. Use addresses 2 to 6 to access seconds-to-months 
counters, in any order, and load appropriate data byte. 
(BCD data plus bits 6 and 7 in hours counter and bit 7 in 
month counter.) 


4. Writing to the seconds counter resets the last 7 stages of 
the prescaler, thereby setting an accuracy of 10ms. 


Setting the Alarm 


Figure 24 shows the alarm logic. As previously described, bit 
3 in the control register must be a 1 to direct subsequent 
data to the alarm latches. A comparator circuit compares the 
time and alarm latch seconds, minutes, and hour outputs. 
When this comparison is true and bit 3 in the control register 
is set to 1, an alarm is generated that activates the interrupt- 
out pin and sets bit 7 in the status register to a high logic 
level. The two most significant bits in the hours time counter 
are used for an AM/PM indication (User set for AM or PM 
with subsequent toggling every 12 hours) and to set 12/24- 
hour operation. 


If bit 6, the 12/24-hour control bit, is set to zero (24-hours), a 
match of bit 7 (AM/PM) between the hours time counter and 
alarm latch is not required to generate a true comparison. 


BIT 3 
CONTROL REGISTER 
COUNTER/LATCH CONTROL 


16kHz 
DEBOUNCE 
LOGIC 
ALARM 
TO INTERRUPT 
OUT AND BIT 7 


IN STATUS 
REGISTER 


FIGURE 24. ALARM LOGIC 
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When an alarm occurs, there is a delay of 30us before the 
alarm bit is set in the status register. The interrupt-out pin signal 
is also delayed for this period. Additionally, if a clock out was 
selected that also activates the interrupt-out in coincidence with 
the alarm-out signal (for example, clock-out set for one second 
and any alarm-time set), the status register will indicate a clock- 
out transition (bit 6 = 1) 30us before bit 7 is set to 1 in the status 
register. 


Resetting the Interrupt-Out Signal and Status Register 


There are two methods of resetting the interrupt-out signal 
and status register once an alarm or clock-out transition has 
occurred. 


Reset Pin (Schmitt Input) 
A low on the reset pin will accomplish the following: 


1. Set the interrupt-out pin high. 
2. Clear the status register. 


3. Place 30 Hex in the hour alarm latch. This entry will 
prevent an inadvertent interrupt when programming the 
time. 


Control Register Write 


Writing to the control register sets the interrupt-out high and 
clears the status register. 


Power-Down Operation 


Figure 25 shows power-down input-control logic. A low on 
the power-down pin (Schmitt input) activates the real-time- 
clock’s power-down function. This function is enabled at the 
trailing edge of a read or write signal and, therefore, power 
down will not occur until the read or write cycle is concluded. 


When power down is activated, the following events occur: 


1. Read and write control signals are disabled. 


2. The data bus is placed in an input condition and logic 
transitions are ignored. (Therefore, the bus must be 
terminated.) 


3. The clock-out signal is set low. 
4. The interrupt-out pin is three-stated. 


The clock continues to keep time and there is no appreciable 
change in operating power. The interrupt output will go low if 
an alarm or clock transition (internal clock transition) occurs 
after power down has been initiated. An application using 
the power-down feature to control a microprocessor’s clock 
signal is illustrated in Figure 26. This application is especially 
appealing in a CMOS circuit design where only quiescent 
current will be drawn when the processor's clock input is 
disabled. 


POWER DOWN CDP1879 


PIN 3 


TO POWER 
DOWN CONTROL 


READ ENABLE 


WRITE ENABLE 
FIGURE 25. POWER-DOWN INPUT-CONTROL LOGIC 


In an operational sequence utilizing the circuitry of Figure 
26, the serial Q output of the CPU is activated after the clock 
is configured with an alarm time. The oscillator then stops 
and the device enters the power-down mode. When the 
alarm activates and the INT output is set low, the CPU resets 
and polls the EF1 flag to determine whether a cold or warm 
start routine is in order. The control register is then written to, 
an event that resets the interrupt requests. 


Any general-purpose microprocessor can utilize the low 
operating power of the real-time clock. Typical operating 
current with a crystal-controlled oscillator at 32kHz and 5V is 
100A, and at 4MHz, 600A. The trade-off between high fre- 
quency and accuracy and low-frequency operation with 
lower power consumption must be resolved by the user. The 
ease of programming and the features offered by the real- 
time clock aid the designer and lower the level of pro- 
grammed support required. 
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Power Considerations 


The CDP1879 power requirements are shown in Table 5. 
The values listed are maximum limits with a Vpp of 5% and 
a temperature range of -40°C to 85°C. 


Table 6 shows output drive capabilities under the same 
conditions. All inputs must meet CMOS requirements with a 
minimum high of 3.5V and a maximum low of 1.5V at a Vop 
of 5V. 


Standby Operation (Low Voltage) 


When utilizing an external crystal with its on-board oscillator 
CDP1800 CDP1879 as the frequency source, the CDP1879 and CDP1879C1 
SERIES : _ can operate at a supply voltage no lower than 4 volts. 
Vop 9 1/2 PD However, if a 32kHz external frequency source is provided at 

CD40107 the XTAL input pin, the clock can operate in a standby mode 

down to 2.5V at 0 to 70°C, and 3V at -40°C to +85°C. Figure 
27 shows the typical minimum standby voltage. Figure 28 
shows that the real-time clock must be disabled by CS (chip- 
select signal) a minimum of 2us before reaching the standby 
voltage level, and enabled again after the same period of 


time when the voltage is raised again. 
BIDIRECTIONAL DATA BUS 
TO MEMORY When the clock is in the standby mode, it functions only as a 


FIGURE 26. APPLICATION OF REAL-TIME CLOCK THAT UsES-__ timekeeping device; all read/write data accesses are 
POWER-DOWN FEATURE TO CONTROL AMICRO- disallowed. 
PROCESSOR’S CLOCK SIGNAL 


TABLE 5. POWER REQUIREMENTS OF THE REAL-TIME CLOCK 


Operating Current with Crystal Oscillator 


Operating Current with External Clock 
Source 


NOTE: 
1. CDP1879C1 Only 


POWER-SUPPLY VOLTAGE 
Data-Bus and Interrupt-Out Drive (Sink 
a j ( 


ink) 
Data-Bus and Interrupt-Out Drive (Source) 
Clock Out (Sink) 


Clock Out (Source) 
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Oscillator Operation 
TYPICAL MINIMUM TIMEKEEPING 
(STBY) VOLTAGE The CDP 1879 operates with a crystal connected to its XTAL 


ee oe and XTAL inputs, or accepts an external clock source at its 
XTAL input that has a rise and fall time of less that 10s. 
Typical oscillator parameters are listed in Table 8; suggested 
circuits are described in Figures 29 through 32. 


Vpop (V) 


GUARANTEED TIMEKEEPING 
VOLTAGE 
40°C <T<85°C Vpn = 3V 


0°C < T < 70°C Vpp = 2.5V 


-40 -20 0 20 40 60 80 100 
TEMPERATURE (°C) 


FIGURE 27. TYPICAL MINIMUM STANDBY VOLTAGE 


TABLE 7. STANDBY-VOLTAGE CHARACTERISTICS 


V CDP1879 CDP1879C1 


OO 
Te fess 


STBY VOLTAGE 
MODE 


Recovery to Normal Operation Time, tro 


Vpp 0.95 Vpp 0.95 Vpop 


NOTE: 
tr, te > ips 


ee 


|——ty VSTBY tp-—> 
tcsTBY _» 


~— (NOTE) (NOTE) 


tre 


cs Vin Vit Vin 
FIGURE 28. WAVEFORMS AND TIMING DIAGRAM 
CDP1879 CDP1879Cl 

PIN23 Ey TERNAL PIN 23 

FREQUENCY 

SOURCE 

32kHz 
CRYSTAL 

PIN 22 


FIGURE 29. CONNECTIONS FOR CDP1879 WHEN AN EXTER- FIGURE 30. SUGGESTED OSCILLATOR CIRCUIT FOR 32kHz 
NAL FREQUENCY SIGNAL IS SUPPLIED CRYSTAL OPERATION 
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CDP1879 


CRYSTAL 


yee 


FIGURE 31. SUGGESTED OSCILLATOR CIRCUIT FOR 1, 2, OR 
4MHz OPERATION 


Design Considerations for a Stable Crystal Oscillator 


1. Stray capacitance should be minimized for best oscillator 
performance. Circuit-board traces connected to the oscil- 
lator pins should be kept to a maximum of 1 inch, and 
there should be no parallel traces. 


2. A signal or power-source line must not cross or approach 
the oscillator-circuit line. 


3. It is advisable to put a nonelectrolytic 0.1uF capacitor 
between Vpp and Vg of the CDP 1879. 


Real-Time-Clock System 


Figure 33 illustrates a working system in which the CDP1879 
is configured for I/O operation to display time in minutes and 
hours. Figure 34 shows the real-time-clock flowchart. A 
CDP1802 processor outputs instructions and data in a two- 
level device-selection scheme. An output instruction of OUT 
1 (Hex 61) activates the processors N lines, and is decoded 
by the CDP1873C to provide a chip-select signal to the 
CDP1875C output port. The data present on the data bus 
during the output instruction is latched in the CDP1875C and 
provides the chip-select signal for the clock or the 
CD22105A LCD driver. 


If no other OUT 1 instruction with different bus data is issued 
by the processor, the device will remain selected. Subse- 


1/3 CD54/74HC04 
FIGURE 32. TYPICAL EXTERNAL-CLOCK-SOURCE DIAGRAM 


CDP1879 


quent output and input instructions will then address the 
clock, if it is selected, to read or write to its registers. When 
the LCD driver is selected, the processor's OUT 2 instruc- 
tions load the driver with the display information. 


The backplane signal from the LCD driver is input to one of 
the processor’s flag lines, and is sampled to flash the colon 
by placing the colon input, via the processor's Q line, in or 
out of phase with the backplane signal. The CDP1879’s 
clock-out signal is set for one second, and drives the proces- 
sor’s interrupt to turn the display colon off. A routine in the 
main program turns the colon on when the interrupt is not 
present. 


A sample program that illustrates the CDP1879’s clock-out 
signal and alarm capability is listed in Figure 35. The alarm 
routine is written to flash eights when the alarm activates. 
The clock will continue to keep time and will display it along 
with the alarm display. 


Reference 


For Harris documents available on the web, see 
http://www.semi.harris.com/ 
Harris AnswerFAX (407) 724-7800 


[1] CDP1879, CDP1879C-1 Data sheet, Harris Semicon- 
ductor, AnswerFAX Doc No. 1360 


TABLE 8. TYPICAL OSCILLATOR-CIRCUIT PARAMETERS FOR SUGGESTED OSCILLATOR CIRCUITS 


OSCILLATOR FREQUENCY 


NOTE: 
1. CDP1879C1 Only 
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CDP1873C BACKPLANE 


MEMORY __ 


= 
Bs) 


CDP1875C 


CD22105A 


L ION 


CDP1879 61 10 
CD22105A 61 80 


CDP1879 


10/MEM 


DATA BUS 


FIGURE 33. REAL-TIME CLOCK SYSTEM 
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START 
DISABLE 
INTERRUPTS 
LOAD 
TIME AND ALARM INTERRUPT ROUTINE 


= a 
DISPLAY TIME 
ENABLE INTERRUPT 
RESET Q 
DISABLE INTERRUPT 


READ STATUS SET 
REGISTER PROGRAM 


COUNTER 


YES 
DISPLAY 8’s 


Yo 


FIGURE 34. REAL-TIME-CLOCK FLOWCHART 
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... PROGRAM DISPLAYS 8:30 A.M. AND FLASHES 
.. 8'S AND TIME WHEN ALARM ACTIVATES 


.. AT 8:31:10. 


... INTERRUPT ON PROCESSOR CONNECTS TO 1 SEC. 
... CLOCK OUT ON CDP1879. EF2 CONNECTS TO 

... BACKPLANE SIGNAL ON LCD DRIVER. 

... INTERRUPT ROUTINE IS USED TO TURN COLON OFF 
... BY SAMPLING EF2 AND TOGGLING Q. 

.. TWO LEVEL I/O IS USED FOR SELECTION 


.. CLOCK IS SELECTED WITH 61 10. 


... LCD DRIVER IS SELECTED WITH 61 80. 
AND 62 INSTRUCTIONS LOAD DRIVER AFTER SELECTION. 


DIS; DCOOH 

LDI A.1 (ENTER); PHI R1 
LDI A.0 (ENTER); PLO R1 
OUT 1; DC 010H 

OUT 7; DC 003H 

OUT 2; DC 000H 

OUT 3; DC 030H 

OUT 4; DC 048H 

OUT 7; DC 0O0BH 

OUT 2; DC 010H 

OUT 3; DC 031H 

OUT 4; DC 048H 

OUT 7; DC OCFH 


SEX 0; OUT1; DC 010H 
LDI A.1 (MIN); PHI R8 
LDI A.0 (MIN); PLO R8 
SEX 8 

INP 3; PLO R7 

ANI OFH 

STXD; GLO R7 

ANI OFOH 

SHR; SHR; SHR; SHR 
ADI 010H; STXD 

INP 4; PLO R7 

ANI OFH 

ADI 020H; STXD 

GLO R7; ANI 030H 
BNZ HR 

LDI 03FH; STR R8 

BR OUT 


SHR; SHR; SHR; SHR 
ADI 030H 

STR R8 

SEX 0 

OUT 1; DC 080H 

SEX 8 


OUT 2; OUT 2; OUT 2; OUT 2 


SEX 0 

RET; DC 00H 

DIS; DC 00H 

OUT 1; DC 010H 

SEX 8 

INP 7; XRI OCOH 

BX ALARM 

B2 ON 

REQ; BR INPUT 

SEQ 

BR INPUT 

LDI A.1 (MIN); PHI R8& 
LD! A.O (MIN); PLO R8 
LDI 008H; STXD 

LDI 018H; STXD 

LD! 028H; STXD 

LDI 038H; STR R8& 


SEX 0; OUT 1; DE 080H; SEX 8 
OUT 2; OUT 2; OUT 2; OUT 2 


BR CHK 

SEP RO 

B2 OFF 

SEQ 

BR SET 

REQ 

LDI A.1 (INPUT); PHI RO 
LDI A.0 (INPUT); PLO RO 
BR BACK 

DS 3 

DS1 


... SET INTERRUPT POINTER 


... SELECT CLOCK 

... LOAD C.R. 

... ZERO SECONDS 

... 30 MINUTES 

.- BAM. 

... SELECT ALARM LATCH 
... 10 SEC. ALARM 

... 31 MIN. ALARM 

.. 8 A.M. ALARM 

... ONE SEC. CLOCK 

... ALARM ACTIVATES 1 MIN. 
.. 10 SEC. AFTER START 
.. SELECT CLOCK 


... INP MINUTES 
... MASK UPPER 
... STR LOW MIN. 
.. MASK LOWER 


... ADD CHAR. POS. 
... INPUT HOURS 

... MASK UPPER 

... ADD CHAR. POS 

... MASK 6 BITS 

... CHECK FOR 0 HRS 
.. STR BLANK HRS 


.. ADD CHAR. POS. 


.. SELECT LCD DRIVER 
.. LOAD DRIVER 

... ENABLE INT TO SAMPLE CLOCK OUT 
.. DISABLE INT 


... READ STATUS REG 
... FOR ALARM 
.. COLON ON 


.. REPEAT 


... LEAD 8’S INTO 
.. LCD DRIVER 


... RETURN MAIN 

... ENTER POINT FOR 

... INTERRUPT ROUTINE 
.. COLON OFF 


«» RESET RC. 


FIGURE 35. REAL-TIME-CLOCK PROGRAM 
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The CDP1871A Keyboard Encoder 


Author: D. Derkach 


Introduction 


The CDP1871A Keyboard Encoder [1] interfaces directly 
between a CDP1800-series (or other) processor and a 
mechanical keyboard array. It services up to 53 ASCIl-coded 
keys and up to 32 Hex-coded keys. This note describes the 
encoder’s. operation, explains its dynamic electrical 
characteristics, and features those factors that will affect 
device operation when the encoder is used with a non- 
1800-series processor. 


Operation 


The CDP1871A is made up of two major sections: the 
counter/scan-selection logic and the control logic. Figure 1 
shows a block diagram of the device, Figure 2 the terminal 
diagram, and Figure 3 the control schematic; the Appendix 
contains operational information as well as recommended 
operating conditions and electrical characteristics. 


The counter and scan-selection logic scans the keyboard 
array using the drive lines (D1 - D11) and the sense lines 
(S1 - S8). The outputs of the internal five stage scan counter 
are conditionally encoded by the ALPHA, SHIFT, and 
CONTROL inputs, Appendix Table A-1, and are used to 
drive the D1 - D11 output lines high, one at a time. Each D1 
- D11 output may drive up to eight keys, which are sampled 
by the sense-line inputs (S1 - S8). The S1 - S8 inputs are 
enabled by the internal three stage scan counter. 


The control logic interfaces with the CDP1800-series I/O and 
timing signals to establish timing and status conditions for 
the CDP1871A. 


The TPB input clocks the scan counters, and is also used to 
reset the data available output (DA). When a valid keydown 
condition is detected on a sense line, the control logic 
inhibits the clock to the scan counters on the next low-to- 
high transition of TPB, and the DA output is set low. The 
scan-counter outputs (C1 - C8) represent the ASCII and 
HEX key codes (Appendix Table A-2), and are used to drive 
the BUS 0 - BUS 7 outputs, which interface directly to the 
CDP1800-series data bus. 


The BUS 0 - BUS 7 outputs, which are normally three- 
stated, are enabled by decoding the CS inputs during a CPU 
input instruction. The low-to-high transition of TPB during the 
input instruction resets the DA output high. Once the DA out- 
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put has been reset, it cannot go low again until the present 
key is released and a new keydown condition is detected. 
(This arrangement prevents unwanted repeated keycode 
outputs, which may be caused by fast software routines.) 


After the depressed key is released and the debounce delay 
(determined by Rx, Cx) has occurred, the scan clock inhibit 
is removed, allowing the scan counters to advance on the 
following high-to-low transitions of TPB. This condition 
provides an N-key lockout feature, which prevents the entry 
of erroneous codes when two or more keys are pressed 
simultaneously. The first key pressed in the scanning order is 
recognized, while all other keys pressed are ignored until the 
first key is released and read by the CPU, at which time the 
next key pressed in the scanning order is detected. 


lf the first key remains closed after the CPU reads the data 
and resets the DA output (on the low-to-high transition of the 
TPB), an auxiliary signal (RPT) is generated. This signal is 
available to the CPU, and indicates an auto-repeat condition. 
The RPT output is reset high at the end of the debounce 
delay after the depressed key is released. 


The debounce input (pin 36) provides a terminal connection 
for an external user-selected RC circuit designed to 
eliminate detection of a keydown condition caused by 
keyboard noise. The operation of the debounce circuit is 
explained below with the aid of Figures 1 and 3. 


When a valid keydown is detected, the on chip active-resis- 
tor device (Ry) is enabled, and the external capacitor (Cy) is 
discharged, providing a key closure debounce time of 
approximately RyCy. The discharge of Cy is sensed by the 
Schmitt trigger inverter, which clocks the DA flip-flop 
(latching the DA output low and inhibiting the scan clock). 
(The DA flip-flop is reset by the low-to-high transition of TPB 
when the CS inputs are enabled.) 


When a valid key release is detected, Ry is disabled and Cy 
begins charging through the external resistor (Ry), providing 
a key release debounce time of approximately RyCy. The 
change in charge is, again, sensed by the Schmitt trigger 
inverter, enabling the scan clock to continue on the next 
high-to-low transitions of TPB, after the current keycode data 
is read by the CPU. 
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FIGURE 1. BLOCK DIAGRAM OF THE CDP1871A KEYBOARD ENCODER 


40 LEAD DIP 
TOP VIEW 


D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D1i0 
Di1 
S1 
S2 
$3 
S4 
S5 
S6 
S7 
S$8 


APPLICATION 
NOTES 


Vss 


FIGURE 2. TERMINAL DIAGRAM 
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Functions of Terminals 


D1 - D11 (Outputs) 


Drive lines for the 11 x 8 keyboard switch matrix. These 
outputs are connected through the external switch matrix to 
the sense lines (S1 - S8). 


S1 - S8 (Inputs) 


Sense lines for the 11 x 8 keyboard matrix. These inputs 
have internal pull-down resistors, and are driven high by the 
drive line when a keyboard switch is closed. 


CS1, CS2, CS3, CS4 (Inputs) 


Chip-select inputs, which are used to enable the tristate data 
bus outputs (BUS 0 - BUS 7), and to enable the resetting of the 
status flag (DA) on the low-to-high transition of TPB. These four 
inputs are normally connected to the N-lines (NO - N2) and 
MRD output of the CDP1800-series microprocessor. 


BUS 0 - BUS 7 (Outputs) 


Tristate data bus outputs that provide the ASCII and 
HEX codes of the detected keys. The outputs are normally 
connected to the BUS O - BUS 7 terminals of the 
CDP1800-series microprocessor. 


DA (Output) 


The data available output flag, which is set low when a valid 
key closure is detected. It is reset high by the low-to-high 
transition of TPB when data is read from the CDP1871A. 
This output is normally connected to a flag input (EF1 - EF4) 
of the CDP1800-series microprocessor. 


TPB (Input) 


The input clock used to drive the scan generator and reset 
the status flag (DA). This input is normally connected to the 
TPB output of the CDP1800-series microprocessor. 


RPT (Output) 


The repeat-output flag used to indicate that a key is still 
closed after data has been read from the CDP1871A (DA 
high). It remains low as long as the key is closed, and is 
used for an autorepeat function, under CPU control. This 
output is normally connected to a flag input (EF1 - EF4) of 
the CDP1800-series microprocessor. 


Debounce (Input) 


This input is connected to the junction of an external resistor 
to Vpp and an external capacitor to Vss. It provides a 
debounce time delay (t = RC) after the release of a key. The 
external pull-up resistor is required under all circumstances. 


Alpha, Shift, Control (Inputs) 


A high on the shift or control input will be internally latched 
(after the debounce time), and the drive and sense line 
decoding will be modified as shown in Appendix Table A-1. 
These inputs are normally connected to the keyboard, but 
produce no code by themselves. The shift and control inputs 
have internal pull-down resistors to simplify use with 
momentary-contact switches. The alpha input is not latched 
and is designed to provide an alpha-lock function when used 
with a standard SPDT switch. When alpha = 1, the drive and 
sense line decoding will be modified as shown in Appendix 
Table A-1. 


Vop; Vss 


Vpp is the positive supply voltage input. Vsg is the most 
negative supply voltage terminal, and is normally connected 
to ground. All outputs swing from Vss to Vpp. The 
recommended input-voltage swing is also from Vgg to Vpp. 


Figure 4 shows a CDP1800-series processor operating in its 
/O mapped mode with the keyboard encoder. 
CDP1800-series processors have fourteen |/O instructions 
and three dedicated output lines (NO - N2) that are used 
for |/O functions. The N lines are toggled when the I/O 
instructions are used; otherwise, they remain at a low level. 


Unlike memory-mapping, when the processor outputs and 
inputs data, the memory is the source of the system data 
when the input or output instructions are executed. 


For example, an input instruction writes data to the memory 
and the processor; therefore, the read line remains high 
while the write line goes low. An output instruction outputs 
data from the memory. In this case, the read line goes low 
and the write line remains high. 


An important input to the encoder is the TPB signal. This 
timing signal occurs at the end of the machine cycle of a 
CDP1800-series processor and is used to clock the 
encoder’s scan counter. It also resets the data available 
signal when the encoder is selected. It is synchronous in that 
it must not toggle when the chip is selected and data is being 
read from the encoder. 


The TPB signal is used to strobe data into a peripheral. Note 
in Figure 4 that the read line is used in addition to the N lines 
to select the encode; therefore, the only time the encoder will 
drive the data bus is when the proper input instruction is 
executed. The encoder is not selected until the N lines are at 
the required levels and the read line is high. When a key clo- 
sure is detected by the CDP1871A, the data available signal 
is activated; the processor is alerted by sensing its EF flag 
input. The processor then performs an input instruction to 
capture the key data. 
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FIGURE 4. TYPICAL CDP1800-SERIES MICROPROCESSOR SYSTEM USING THE CDP1871A 
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FIGURE 5. CDP1871A DYNAMIC TIMING DIAGRAM (NON-REPEAT) 
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FIGURE 6. CDP1871A DYNAMIC TIMING DIAGRAM (REPEAT) 


Dynamic Electrical Characteristics 


The dynamic electrical characteristics of the CDP1871A are 
shown in Table 1, and the timing diagrams in Figure 5. The 
clock cycle time, the first entry, A, Table 1, and curve 1 in the 
timing diagram of Figure 5, TPB, define the high and low limits 
of the clock cycle as tec + tewy + tew_. TPB must remain high 
for at least 100ns (B). The low portion of the clock cycle (tow_) 
consists of tcp [1] (E) and the keyboard capacitance. This 
parameter is selected to allow the TPB clock pulse time to rip- 
ple through the scan counters. The maximum frequency of TPB 
is 400kHz at 5V Vpp and 800kHz at 10V Vpp. 


Table parameters C and D and curve 3 define the data 
available valid and invalid (reset) delays. The delays are mea- 
sured from the leading edge of the TPB signal. The valid delay 
signal is activated on the first TPB signal after the leading edge 
debounce time when a key closure is detected, and returns 
high when the encoder is selected on the low-to-high transition 
of TPB. The valid data out delay and hold times from chip select 
are shown in table entries F, G and curve 8. The final parame- 
ters, H and J, refer to the repeat signal set and reset level 
delays measured from the leading edge of the TPB; curve 10, 
Figure 6. 
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Note in Figure 5 that the action starts when a key closure is 
sensed by the encoder; curve 2. On the next low-to-high transi- 
tion of TPB, the debounce time of RyCy occurs as Cy dis- 
charges through the transistor and the Schmitt trigger clocks 
the data available flip-flop; curve 3. The Ry value of the transis- 
tor is about 200Q, so that, with an external capacitor of 0.1pF, a 
20us delay can be expected. The key release trailing edge 
debounce time is calculated from the values of the external 


Once the data available signal has been reset (chip selected 
and TPB high), the scan counter operates again on the next 
trailing edge of TPB, curve 6, and table parameter E. Note in 
Figure 6 that the repeat signal is activated when the data avail- 
able signal is reset high while the key is still closed; curves 9 
and 10. The repeat signal is reset after the debounce time on 
the next leading edge of the TPB signal when the key is no 
longer closed. 


capacitor and resistor (Rx, Cx). With a 0.1.F capacitor and a 
100kQ2 resistor, the debounce time will be 10ms. 


TABLE 1. DYNAMIC ELECTRICAL CHARACTERISTICS OF THE CD1871A 


LIMITS 


CDP1871AD 
CDP1871AE 


CDP1871ACD 
CDP1871ACE 


(NOTE 1) 
TYP 


(NOTE 1) 
PARAMETER 


Clock Cycle Time 


=k 
i=) 


BAN 


Clock Pulse Width High 


—_ 
ie) 
io) 
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(= | 
2 
- oO 


Oo 
=) 
io) 
Oo 
oO 
oO 


Data Available Valid Delay 


—_ 
oO 
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ol 
oO 


SN 
oO 
a 
ol 
oO 


Data Available Invalid Delay 


=k 
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ail, 
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oO 


Scan Count Delay 
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ice) 
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oO 


=i 
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oO 
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NOTES 


on 

oO 
—_ 
ine) 
j=) 
ine) 
O1 
oO 


APPLICATION 


—_—" 
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a 
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Zz 
<s 
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xa 


oO 


: 

aie 
din 
i 
vi 
die 


NOTES: 
1. Typical Values are for Ty = +25°C and Nominal Vpp_ 
2. toc = town + tewL: tewr = tep1 + K, k = 0.9 per pF of keyboard capacitance. 
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Use with Other Processors 


Although the keyboard encoder has been designed to 
operate with CDP1800-series processors, it can be used 
with other processors if certain precautions are followed. 


The encoder is designed as an I/O port; it is not intended to 
operate with its chip selects active at all times. If this feature 
is desired, connect an external Schmitt trigger to the 
debounce pin and place a tristate latch on the data bus. 


The most likely use of the CDP1871A will be as an I/O port, 
and the concern here is the synchronization of the TPB 
input. The TPB must be held high when the chip selects are 
active to reset the data available signal. If the TPB is allowed 
to toggle with the chip selected before it is read, it can hold 
the data available flip-flop in reset continuously, and can 
clock the scan counter. 


Figure 7 shows the encoder connected to a CDP6805 
processor. It can interface directly in this arrangement since 
the DS output from the CDP6805 is similar to the timing of 
the TPB timing signal of the CDP1800. However, in a 5MHz 
system, DS occurs every microsecond, too fast for the 
encoder’s requirement of a TPB input less than 400kHz at 
5V. If a divider is used to lower the TPB input, synchroniza- 
tion will be lost. A way around this problem is to use a NAND 
gate in front of the TPB input and to have one of its inputs 
tied to the active-low chip select; Figure 8. Then, when the 
CDP1871A is selected, the TPB input will be forced high and 
TPB will only toggle again after the encoder is read and the 
chip select signal is again false. 


DECODER 
CDP1873 


CDP6805E2 CDP1871A 


FIGURE 7. APPLICATION OF THE CDP1871A AND CDP6805 
PROCESSOR 
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FIGURE 8. CIRCUIT FOR PREVENTING LOSS OF SYNCHRO- 
NIZATION IN CDP1871A/CDP6805 INTERFACE 


Note that DS enables the decoder, so that during the time 
that the processor is placing its low address on the data bus, 
the CDP1871A is disabled. If an asynchronous clock is used 
for the TPB input, as shown in Figure 9, the NAND gate can 
be used to assure that TPB remains high during the 
CDP1871A select times. 


CDP1871A 


DECODER 
CDP1873 


ASYNCHRONOUS 
CLOCK 
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FIGURE 9. METHOD OF ASSURING THAT TPB REMAINS 
HIGH DURING CDP1871A SELECT TIMES 


The keyboard encoder can be used to advantage with 
another popular processor, the 8085. Figure 10 shows a 
circuit that interfaces the two devices with an OR gate and a 
NAND gate. In this circuit, the only time the encoder can 
drive the data bus is when it is selected and the read signal 
is active. Since there is no DS equivalent in the 8085 proces- 
sor, the additional device shown in the figure is needed. 
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FIGURE 10. ACDP1871A/8085 INTERFACE EMPLOYING AN OR 


AND A NAND GATE 
Figure 11 shows the encoder connected to the 6502 


processor. The timing for this part is similar to that for the 
CDP6805, and the same concerns apply. 
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FIGURE 11. A CDP1871A/R6502 INTERFACE 
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Reference 

[1] CMOS Keyboard Encoder, CD1871A,” Harris Semicon- identical except for recommended operating voltage 
ductor File No. 1374. (The CDP1871A comes in two range: 4V to 10.5V for the A version, and 4V to 6.5V for 
versions: CDP1871A and CDP1871AC. The two are the AC version.) 

Appendix 


TABLE A-1. DRIVE AND SENSE LINE KEYBOARD CONNECTIONS (NOTE 1) 


DRIVE LINES 
SENSE (NOTE 2)|(NOTE 2)i(NOTE 2)i(NOTE 2) 
LINES D7 D8 D9 D10 D11 
Tere Te Petry [Tx [ae [ae a 
oT fey felme[n [es] p joe] x [oan 
tp toy e fata (i ttfefe] yd y | Bie | 8946 
Pt] fet epson] far[a foci] y | ew 
Tey t fey ® [spe ph] & |Z |Z | bee BA rg 
Feed 
2] fey pepsi fer[ [ce] 2 | sus) 
Pepe Tele [effet [Tt eae | se [ae Yo 
re eee fr Pooe Tose 


Terie | i 


ie) 

—_ 
_ 
fo>] 


(fe) © © © ie) (<<) 
nN m iw) ioe] > oe) 
—_ —_— —_ —_ —_ ak 
fo) [o>) [o>) [o>) [o>) fo?) 


APPLICATION 


4] Ty fe feor] [re] t foc] | Fs 
pe] sf-]- ele [MpMiuy uv [od | 1 |canione 8016 
Return 
Ps] - |e [exe] m fon] u [macy 1 | es 
pepe fey Fl spay ve - [7 8616 
Pe] fey tf ac] [solv [svn] ft | rs 
CPT eT Pope fw w Poa [= Poon [ane are [om 
TT teal 


SHIFT* ALPHA* 
NORMAL CONTROL” 


* CONTROL Overrides SHIFT and ALPHA 


[| = No Response 
NOTES: 


1. Showing ASCII outputs for all combinations with and without SHIFT, ALPHA LOCK and CONTROL. 
2. Drive lines 8, 9, 10 and 11 generate non-ASCII hex values which can be used for special codes. 


KEY: 


NOTES 
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TABLE A-2. HEXADECIMAL VALUES OF ASCIl CHARACTERS 


eT ee ee ee 

RRERSER EOE LIRR ER EAE SERED 

RR ESERES OM EE OSA AEA EES 

S32 EAE EE MME IRARAES EASES 
1 EOT DC4 T 


TABLE A-3. RECOMMENDED OPERATING CONDITIONS AT T, = -40°C TO +85°C 
For Maximum Reliability, Operating Conditions should be selected so that operation is always within the following ranges: 


(NOTE 1) 
CDP1871AD CDP1871ACD 
CDP1871AE CDP1871ACE 


PARAMETER 


Supply Voltage Range 


Recommended Input Voltage Range 


Clock Input Frequency, TPB 
(Keyboard Capacitance = 200pF) 


NOTE: 
1. Din suffix indicates ceramic package; E indicates plastic package. 
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TABLE A-4. STATIC ELECTRICAL CHARACTERISTICS at T, = -40°C to +85°C, Except as Noted 


CONDITIONS Po IMITS 
es _.. | Gopteriace | 
CDP1871AE | Geperace 
Ve 1 Vou (NOTE 1) (NOTE 1) 
PARAMETER SYMBOL a (v) | (Vv) TYP UNITS 
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EG 
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_ 
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oa 


Oo 
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id S 
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oO oO 


Negative Trigger Voltage 


fo>) 


Hysteresis 
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a 4 eo a is =i 2] © S| eee 
[oe] a" 


NOTES 


Oo 


Output Low Drive (Sink) Current 
pA 


APPLICATION 


Input Leakage Current Le 
(Except S1 - S8, Shift, Control) Pel 
Three-State Output Leakage Current hse 


° 


_ 
SS 


Pull-Down Resistor Value 
S1 - S8, Shift, Control) 


Operating Current 
(All outputs unloaded) 
fo. = 0.4MHz 
fo, = 0.8MHz 


NOTE: 
1. Typical values are for T, = +25°C and nominal Vpp. 
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Introduction 


Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improve- 
ment and evolution, with perfection as the constant goal. 


Harris Semiconductor’s commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force — from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market- 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 


Quality in integrated circuits cannot be added or considered 
after the fact. It begins with the development of capable pro- 
cess technology and product design. It continues in manu- 
facturing, through effective controls at each process or step. 
It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 


The Role of the Quality Organization 


The emphasis on building quality into the design and manu- 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes- 
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan- 
dardization of inspection equipment and processes, proce- 
dures for chemical controls, analysis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product improvement, optimization of envi- 
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 


At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization's role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, consult- 
ing, and managing Quality Improvement projects. 


To support specific market requirements, or to ensure con- 
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every- 
one’s job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs — with 
the people who make the product. The Quality organization 
is there to provide leadership and assistance in the deploy- 
ment of quality techniques, and to monitor progress. 


The Improvement Process 


| 


STAGE IV 


PRODUCT 
OPTIMIZATION 


IMPACT ON 
PRODUCT STAGE Ill 
QUALITY 


PROCESS 
OPTIMIZATION 


STAGE Il 


PROCESS 
CONTROL 


STAGE | 


PRODUCT 
SCREENING 


SOPHISTICATION OF QUALITY TECHNOLOGY 
FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductor's quality methodology is evolving through 
the stages shown in Figure 1. In 1981 we embarked on a pro- 
gram to move beyond Stage |, and we are currently in the tran- 
sition from Stage Ill to Stage IV, as more and more of our 
people become involved in quality activities. The traditional 
“quality” tasks of screening, inspection, and testing are being 
replaced by more effective and efficient methods, putting new 
tools into the hands of all employees. Table 1 illustrates how our 
quality systems are changing to meet today’s needs. 


ISO 9000 Certification 


The manufacturing operations of Harris Semiconductor have 
all received ISO certification. The ISO 9000 series of stan- 
dards were very consistent with our goals to build an even 
stronger quality system foundation. 


Qualified Manufacturing List (QML) 


Harris Semiconductor has supplied military grade integrated 
circuits for over 20 years. The government's certifying body had 
audited and granted approval to ship JAN, 883 compliant, and 
Source Military Drawing parts used in ground and space appli- 
cations. The discipline required to manufacture high reliability 
components has been beneficial to the commercial product 
lines. Harris has now taken the next evolutionary step by transi- 
tioning into QML as defined in MIL-PRF-38535. These guide- 
lines incorporate the best commercial practices for 
semiconductor manufacturing. 


Designing for Manufacturability 


Assuring quality and reliability in integrated circuits begins with 
good product and process design. This has always been a 
strength in Harris Semiconductors quality approach. We have a 
very long lineage of high reliability, high performance products 
that have resulted from our commitment to design excellence. All 
Harris products are designed to meet the stringent quality and 
reliability requirements of the most demanding end equipment 
applications, from military and space to industrial and telecom- 
munications. The application of new tools and methods has 
allowed us to continuously upgrade the design process. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY 


FUNCTIONS 


| AREA CONTROLS/MONITORS 


Wafer Fab 


Assembly 


Internal Audits 
Environmental 
- Room/Hood Particulates 
- Temperature/Humidity 
- Water Quality 
Product 
- Junction Depth 
Sheet Resistivities 
Defect Density 
Critical Dimensions 
Visual Inspection 
Lot Acceptance 
Process 
- Film Thickness 
- Implant Dosages 
- Capacitance Voltage Changes 
- Conformance to Specification 
Equipment 
- Repeatability 
- Profiles 
- Calibration 
- Preventive Maintenance 


Internal Audits 
Environmental 
- Room/Hood Particulates 
- Temperature/Humidity 
- Water Quality 
Product 
Documentation Check 
Dice Inspection 


Wire Bond Pull Strength/Controls 


Ball Bond Shear/Controls 
Die Shear Controls 
Post-Bond/Pre-Seal Visual 
Fine/Gross Leak 
PIND Test 
Lead Finish Visuals, Thickness 
Solderability 

Process 
Operator Quality Performance 
Saw Controls 
Die Attach Temperatures 
Seal Parameters 
Seal Temperature Profile 
Sta-Bake Profile 


Temp Cycle Chamber Temperature 


ESD Protection 
Plating Bath Controls 
Mold Parameters 


Harris Quality 


TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY 
FUNCTIONS (Continued) 


[AREA CONTROLS/MONITORS 


e Internal Audits 


Temperature/Humidity 
ESD Controls 


Temperature Test Calibration 


Test System Calibration 
Test Procedures 


Control Unit Compliance 


¢ Lot Acceptance Conformance 
Group A Lot Acceptance 
Internal Audits 
Wafer Repeat Correlation 


Visual Requirements 
Documentation 


Process Performance 


QCI Inspection 


Internal Audits 
Functionality Board Check 


* Oven Temperature Controls 
Procedural Conformance 
Internal Audits 
ESD Controls 


¢ Brand Permanency 

¢ Temperature/Humidity 
Procedural Conformance 
Internal Audits 
Group B Conformance 


Group C and D Conformance 


Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 


The validation process has four major components: 


1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment 

Harris designers have an extensive set of very powerful 


Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 
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COMMERCIAL 


VISUAL INSPECTION 


PROBE/DICE MODIFIED 
PREPARATION Flatts 
2010 
a CONDITION B 
PROBE TEST WITH QC MONITOR 


ASSEMBLY (1) 


mw OPERATION 
% QUALITY MONITOR 


DIE ATTACH 


CONTROL DIE MOUNT 


MOUNT CURE CONTROL 


QUALITY DIE ATTACH 
CONTROL (SPC) 


WIRE BOND 


CONTROL WIRE BOND 


je QUALITY WIRE BOND 
CONTROL (SPC) 


POST BOND 


VISUAL POST BOND INSPECTION 


(RTPC) 


% QUALITY POST BOND 
INSPECTION 


YES 


AS APPLICABLE 


MOLDING 
MOLD CONTROL (SPC) 


YES 
YES 


MOLD CONTROL 


BOTTOM CODE 
POST MOLD CURE 


YES 
YES 


LEAD FINISH 


CONTROL TRIM/FORM/DERAIL 


SINGULATED SOLDER DIP 


YES 
YES 


100% VISUAL INSPECTION 
LOAD SHIPPING TUBES 
% QALOT ACCEPTANCE 


% QA DOCUMENTATION 
INSPECTION 


YES 
YES 
YES 
YES 


QUALITY AND 
RELIABILITY 


(1) Example for a PDIP Package Part 
FIGURE 2. 
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Harris Semiconductor Standard Processing Flow 


COMMERCIAL 


TEST (2) 


Mi OPERATION 
% QUALITY MONITOR 


AC/DC SINGLE 
INSERTION TEST 


100% ELECTRICAL TEST YES 


CAPABILITY; 
HIGH/LOW TEMP 


TOP BRAND 


PRE-BURN-IN ELECTRICAL 
TEST 


YES 
IF APPLICABLE 


BURN-IN 


POST BURN-IN 
ELECTRICAL TESTS 


APPLY BURN-IN PDA 


IF APPLICABLE 
IF APPLICABLE 


IF APPLICABLE 


QUALITY 


LOT ACCEPTANCE *& QC PRESHIP LOT 


ACCEPTANCE TEST 


PDIP LEAD 
SCANNING 100% LEAD SCANNING 


PACKING 


— % QC PRESHIP LOT 
ACCEPTABLE 
INSPECTION 


FINAL DATA REVIEW 


(2) Example for a Linear Part in PDIP Package 


FIGURE 3. 
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Harris Semiconductor Standard Processing Flow 


TABLE 2. SUMMARIZING CONTROL APPLICATIONS 


Diffusion ¢ Thin Film 

- Junction Depth - Film Thickness 

- Sheet Resistivities - Uniformity 
Oxide Thickness - Refractive Index 
Implant Dose Calibration - Film Composition 
Uniformity - Particles Added 


e Photo Resist e Measurement Equipment 


- Critical Dimension - Critical Dimension 
- Resist Thickness 

- Etch Rates 

- Energy Monitor (Eo) 


- Film Thickness 
- Resistivity 


ASSEMBLY 


e Pre-Seal ¢ Post-Seal 
Die Prep Visuals Internal Package Moisture 
Yields Tin Plate Thickness 
Die Attach Heater Block PIND Defect Rate 
Die Shear Solder Thickness 
Wire Pull Leak Tests 
Ball Bond Shear 
Saw Blade Wear 
Pre-Cap Visuals 


Seal 
Temperature Cycle 


- Handlers/Test System 

- Defect Pareto Charts 

- Lot % Defective 

- ESD Failures per Month 


¢ 1QC e¢ Environment 
- Vendor Performance - Water Quality 
- Material Criteria - Clean Room Control 
- Quality Levels - Temperature 
- Humidity 


Special Testing 


Harris Semiconductor offers several standard screen flows 
to support a customer's need for additional testing and reli- 
ability assurance. These flows include environmental stress 
testing, burn-in, and electrical testing at temperatures other 
than +25°C. The flow shown in Figure 2 and Figure 3 indi- 
cates the Harris standard processing flow for a commercial 
linear part in a PDIP package. In addition, Harris can supply 
products tested to customer specifications both for electrical 
requirements and for nonstandard environmental stress 
screening. Consult your field sales representative for details. 


TABLE 3. HARRIS |.C. DESIGN TOOLS 


PRODUCTS 


DESIGN STEP ANALOG DIGITAL 
Functional Simulation | Cds Spice Cds Spice Verilog 


Parametric Simulation | Cds Spice Monte {Cds Spice 
Carlo 


Schematic Capture 


Functional Checking 
Rules Checking 


Parasitic Extraction 


e Measurement 
- XRF 
- Radiation Counter 
- Thermocouples 
- GM-Force Measurement 


Module Rm. Solder Pot Temp. 


- Monitor Failures 
- Lead Strengthening Quality 
- After Burn-in PDA 


e IQC Measurement/Analysis 
- XRF 
- ADE 
- 4 Point Probe 
- Chemical Analysis Equipment 


Controlling and Improving the 
Manufacturing Process - SPC/DOX 


Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufac- 
turing people use control charts to determine the normal vari- 
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea- 
sured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an opera- 
tion is outside the process control limits or indicates a nonran- 
dom pattern inside the limits. These same control charts are 
powerful tools for use in reducing variations in processing, 
materials, and products. Table 3 lists some typical manufac- 
turing applications of control charts at Harris Semiconductor. 


SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The conven- 
tional way of dealing with this in the semiconductor industry has 
been to implement 100% screening or inspection steps to 
remove defects, but these techniques are insufficient to meet 
today’s demands for the highest reliability and perfect quality 
performance. 


Harris still uses screening and inspection to “grade” products and 
to satisfy specific customer requirements for burn-in, multiple 
temperature test insertions, environmental screening, and visual 
inspection as value-added testing options. However, inspection 
and screening are limited in their ability to reduce product defects 
to the levels expected by today’s buyers. In addition, screening 
and inspection have an associated expense, which raises prod- 
uct cost (see Table 4). 
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TABLE 4. APPROACH AND IMPACT OF STATISTICAL QUALITY 
TECHNOLOGY 


Stress and Test 
Defective Prediction 


Product 
Screening 


Limited Quality 
Costly 
After-The-Fact 


Statistical Process 
Control 
Just-In-Time 
Manufacturing 


Process 
Control 


Identifies Variability 
Reduces Costs 
Real Time 


Process 
Optimization 


Design of Experi- 
ments 
Process Simulation 


Minimizes Variability 
Before-The-Fact 


Insensitive to Vari- 
ability 

Designed-In Quality 
Optimal Results 


Product 
Optimization 


Design for Produc- 
ibility 


Product Simulation 


Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at upgrading process performance by studying 
the key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time-consuming method of achieving quality per- 
fection, but a better product results from the efforts, and the 
basic causes of product nonconformance can be eliminated. 


SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 


Average Outgoing Quality (AOQ) 


Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
Current procedures and sampling plans outlined in 
ANSI/ASQC Z1.4, MIL-STD-883 and MIL-PRF-38535 are 
used by our quality inspectors. 


The focus on this quality parameter has resulted in a contin- 
uous improvement to less than 100 PPM, and the goal is to 
continue improvement toward 0 PPM. 
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Training 


The basis of a successful transition from conventional qual- 
ity programs to more effective, total involvement is training. 
Extensive training of personnel involved in product manu- 
facturing began in 1984 at Harris, with a comprehensive 
development program in statistical methods. Using the 
resources of Harris statisticians, private consultants, and 
internally developed programs, training of engineers, facili- 
tators, and operators/technicians has been an ongoing 
activity in Harris Semiconductor. 


Over the past years, Harris has also deployed a comprehen- 
sive training program for hourly operators and facilitators in 
job requirements and functional skills. All hourly manufactur- 
ing employees participate (see Table 5). 


Incoming Materials 


Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance- 
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a_ statistically 
controlled manufacturing line have also been produced by 
statistically controlled vendor processes. 


To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendors 
factory acts as if it were a beginning of the Harris production line. 


SPC seminars, development of open working relationships, 
understanding of Harris’s manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 
Specified requirements include centered means, statistical 
control limits, and the requirement that vendors deliver their 
products from their own statistically evaluated, in-control manu- 
facturing processes. 


In addition to the certification process, Harris has worked to 
promote improved quality in the performance of all our 
qualified vendors who must meet rigorous incoming inspec- 
tion criteria (see Table 6). 


Harris Quality 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 


COURSE AUDIENCE TOPICS COVERED 


SPC, Basic Manufacturing Operators, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Non-Manufacturing Analysis Tools, Graphing Techniques, Control Charts 
Personnel 


SPC, Intermediate 


SPC, Advanced 


Design of Experiments 
(DOX) 


Manufacturing Supervisors, 
Technicians 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Analysis Tools, Graphing Techniques, Control Charts, Distributions, Measurement 
Process Evaluation, Introduction to Capability 


Manufacturing Engineers, 
Manufacturing Managers 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, Problem 
Analysis Tools, Graphing Techniques, Control Charts, Distributions, Measurement Pro- 
cess Evaluation, Advanced Control Charts, Variance Component Analysis, Capability 
Analysis 


Engineers, Managers Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis of Vari- 


ance, Normal Probability Plots, Statistical Intervals, Variance Component Analysis, Mul- 
tiple Comparison Procedures, Hypothesis Testing, Model Assumptions/Diagnostics 


Regression Engineers, Managers Simple Linear Regression, Multiple Regression, Coefficient Interval Estimation, Di- 
agnostic Tools, Variable Selection Techniques 

Response Surface Engineers, Managers Steepest Ascent Methods, Second Order Models, Central Composite Designs, 

Methods (RSM) Contour Plots, Box-Behnken Designs 

Capability Studies Techs, Facilitators, Engineers | Capability Indices (Cp and Cp,), Variance Components, Nested Models, Fixed and 
Random Effects 
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TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMENTS 


Silicon e Resistivity ¢ Equipment Capability Control Charts 
¢ Crystal Orientation - Oxygen 
* Dimensions eres eT 
e Edge Conditions Se wai = 

+ - Enhanced Gettering 
“ "aper - Total Thickness Variation 
Thickness 


- Total Indicated Reading 
¢ Total Thickness Variation 


- Particulates 
© Backside Criteria ¢ Certificate of Analysis for all Critical Parameters 
e Oxygen 


¢ Control Charts from On-Line Processing 
Carbon Certificate of Conformance 


Chemicals/Photoresists/ Chemicals 

Gases - Assay 
- Major Contaminants 

¢ Molding Compounds 


Certificate of Analysis on all Critical Parameters 
¢ Certificate of Conformance 

¢ Control Charts from On-Line Processing 

¢ Control Charts 


- Spiral Flow - Assa 
- Thermal Characteristics Y ‘ 
- Contaminants 
e Gases 
) 7 - Water 
: ll alae - Selected Parameters 
* OlOreSIsIs ¢ Control Charts 
- echoes - Assay 
um ICKNESS - Contaminants 
- Solids 


¢ Control Charts on 
- Photospeed 
- Thickness 
- UV Absorbency 
- Filterability 
- Water 
Contaminants 


- Pinholes 


Thin Film Materials e Assay 


Selected Contaminants 


Control Charts from On-Line Processing 
¢ Control Charts 

- Assay 

- Contaminants 

- Dimensional Characteristics 
* Certificate of Analysis for all Critical Parameters 
Certificate of Conformance 


Visual Inspection 
e Physical Dimension Checks 
¢ Glass Composition 

¢ Bondability 

e Intermetallic Layer Adhesion 
e lonic Contaminants 

¢ Thermal Characteristics 

e Lead Coplanarity 

e Plating Thickness 
Hermeticity 


Assembly Materials Certificate of Analysis 
¢ Certificate of Conformance 


e Process Control Charts on Outgoing Product Checks 
and In-Line Process Controls 
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Calibration Laboratory 


Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan- 
dards. Each lab maintains a system which conforms to the 
current revision of ANSI/NCSL 2540-1. 


Each instrument requiring calibration is assigned a calibra- 
tion interval based upon stability, purpose, and degree of 
use. The equipment is labeled with an identification tag on 
which is specified both the date of the last calibration and of 
the next required calibration. The Calibration Lab reports on 
a regular basis to each user department. Equipment out of 
calibration is taken out of service until calibration is per- 
formed. The Quality organization performs periodic audits to 
assure proper control in the using areas. Statistical proce- 
dures are used where applicable in the calibration process. 


Manufacturing Science - CAM, JIT, TPM 


In addition to SPC and DOX as key tools to control the prod- 
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How- 
ever, they have a significant impact on quality results. 


Computer Aided Manufacturing (CAM) 


CAM is a computer based inventory and _ productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi- 
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 


The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num- 
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 


The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 


Just In Time (JIT) 


The major focus of JIT is cycle time reduction and linear pro- 
duction. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Qual- 
ity Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination 
of waste. 


Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added 
activities, demand/pull to improve production flow, TQC 
check points and Employee Involvement Teams using root 
cause analysis for problem solving. 


JIT implementations at Harris Semiconductor have resulted 
in significant improvements in cycle time and linearity. The 
benefits from these improvements are better on time deliv- 
ery, improved yield, and a more cost effective operation. 


JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 


Total Productive Maintenance (TPM) 


TPM or Total Productive Maintenance is a specific methodol- 
ogy which utilizes a definite set of principles and tools focus- 
ing on the improvement of equipment utilization. It focuses 
on the total elimination of the six major losses which are 
equipment failures, setup and adjustment, idling and minor 
stoppages, reduced speed, process defects, and reduced 
yield. A key measure of progress within TPM is the overall 
equipment effectiveness which indicates what percentage of 
the time is a particular equipment producing good parts. The 
basic TPM principles focus on maximum equipment utiliza- 
tion, autonomous maintenance, cross functional team 
involvement, and zero defects. There are some key tools 
within the TPM technical set which have proven to be very 
powerful to solve long standing problems. They are initial 
clean, P-M analysis, condition based maintenance, and 
quality maintenance. 


Utilization of TPM has shown significant increases in utiliza- 
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to 
improve manufacturing competitiveness. 


The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a 
good stepping stone to JIT because a high overall equip- 
ment effectiveness guarantees the equipment to be available 
and operational at the right time as demanded by JIT. 
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Introduction 


At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This starts 
by ensuring the excellence of the design, layout, and 
manufacturing processes. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its useful 
life. 


Reliability Engineering 


The Reliability Engineering department is responsible for all 
aspects of reliability assurance at Harris Semiconductor: 


¢ Charter 
- To ensure that Harris is recognized by our customers and 
competitors as a company that consistently delivers prod- 
ucts with high reliability. 


e Mission 
- To develop systems for assessing, enhancing, and assuring 
that quality and reliability are integrated into all aspects of 
our business. 


e Vision 
- To establish excellence and integrity through all design and 
manufacturing processes as it relates to quality and reliabil- 


ity. 
Values 


¢ To be considered responsive and service oriented by 
our customers. 

¢ To be acknowledged by Harris as a highly qualified 
resource for reliability assurance, product analysis, and 
electronic materials characterization. 
To successfully utilize the organization’s talents through 
trained, empowered employees/employee team partici- 
pation. 

e To maintain an attitude of integrity, dignity and respect 
for all. 


Strategy 


¢ To provide quantitative assessments of product reliabil- 
ity focusing on the identification and timely elimination 
of design and processing deficiencies that degrade 
product performance and operating life expectancy. 

¢ To provide systems for continuous improvement of reli- 
ability and quality through the assessment of existing 
processes, products, and packages. 

¢ To perform product analysis as a means of problem 
solving and feedback to our customers, both internal 
and external. 

e To exercise full authority over the internal qualifications 
of new products, processes, and packages. 


The reliability organization is comprised of a team that 
possesses a broad cross section of expertise in these areas: 
¢ Custom Military (Radiation Hardened) 

e Automotive ASICs 

e Harsh Environment Plastic Packaging 

e Advanced Methods for Design for Reliability (DFR) 

¢ Strength in Power Semiconductor 

Chemical/Surface Analysis Capabilities 

¢ Failure Analysis Capabilities 

The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics, and service systems. These 
major systems are summarized below: 


e A process and product development system known as 
ACT PTM (Applying Concurrent Teams to Product-To- 
Market) has been established. The ACT PTM philosophy 
is one of new product development through a team that 
pursues customer involvement. The team has the author- 
ity, responsibility, and training necessary to successfully 
bring the product to market. This not only includes product 
definition and design, but also all manufacturing capabili- 
ties as well. 


e Standard test vehicles (over 100) have been developed for 
process characterization of wear-out failure mechanisms. 
These vehicles are used for conventional stresses (for 
modeling failure rates) and for wafer level reliability char- 
acterization during development. 


¢ Common qualification standards have been established 
for all sites. 


¢ A reliability monitoring system (also known as the Matrix 
monitoring system) is utilized for products in production to 
ensure ongoing reliability and verification of continuous 
improvement. 


¢ The field return system is designed to handle a variety of 
customer issues in a timely manner. Product issues are 
often handled by routing the product into the PFAST 
(Product Failure Analysis Solution Team) system. Return 
authorizations (RAs) are issued where an entire lot of 
product needs to be returned to Harris. The Customer 
Return Services (CRS) group is responsible for the admin- 
istration of this system (see Customer Return Services.) 


¢ The PFAST system has been established to expedite fail- 
ure analysis, failure root cause determination, and correc- 
tive actions for field returns. PFAST is a team effort involv- 
ing many functional areas at all Harris sites. The purpose 
of this system is to enable Harris’s Field Sales and Quality 
operations to properly route, track, and respond to our 
customer's needs as they relate to product analysis. 
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Design for Reliability 
(Wear-Out Characterization) 


The concept of “Design for Reliability’ focuses on moving 
reliability assessment away from tests on sample product to a 
point much earlier in the design cycle. Effort is directed at 
building in and verifying the reliability of a new process well 
before manufacture of the first shippable product that uses 
that technology. This gives these first new products a higher 
probability of success and achieves reduced product-to- 
market cycle times. 


In practice, a set of standardized test vehicles containing 
special test structures are transferred to the new process 
using the layout ground rules specified for that process. Each 
test structure is designed for a specific wear-out failure 
mechanism. Highly accelerated stress tests are performed on 
these structures and the results can be extrapolated to 
customer use conditions. Generally, log-normal statistics are 
used to define wear-out distributions for the life prediction 
models. The results are used to establish reliability design 
ground rules and critical node lists for each process. These 
ground rules and critical nodes ensure that wear-out failures 
do not occur during the customers projected use of the 
product. 


Process/Product/Package Qualifications 


Once the new process has successfully completed wear-out 
characterization, the final qualification consists of more 
conventional testing (e.g. biased life, storage life, temp cycle 
etc.). These tests are performed on the first new product 
designs (sampled across multiple wafer production lots). 
Successful completion of the final qualification tests 
concurrently qualifies the new process and the new products 
that were used in the qualification. Subsequent products 
designed within the now-established ground rules are 
qualified individually prior to introduction. New package 
configurations are also qualified individually prior to being 
available for use with new products. 


Harris’s qualification procedures are specified via controlled 
documentation and the same standard is used at Harris’s 
sites worldwide. Figure 4 gives more information on the new 
process/product development and life cycle. 


Product/Package Reliability Monitors 


Many of the accelerated stress-tests used during initial 
reliability qualification are also employed during the routine 
monitoring of standard product. Harris’s continuing reliability 
monitoring program consists of three groups of stress tests, 
labeled Matrix |, Il and Ill. Table 6 outlines the Matrix tests 
used to monitor plastic packaged ICs in Harris’s off-shore 
assembly plants, where each wafer fab technology is 
sampled. Matrix | consists of highly accelerated, short 
duration (typically 48 hours) tests, sampled biweekly, which 
provide real-time feedback on product reliability. Matrix II 
consists of the more conventional, longer term stress-tests, 
sampled monthly, which are similar to those used for product 
qualification. Finally, Matrix Ill, performed monthly on each 
package style, monitors the mechanical reliability aspects of 


the package. Any failures occurring on the Matrix monitors are 
fully analyzed and the failure mechanisms identified, with 
containment and _ corrective actions obtained from 
Manufacturing and Engineering. This information along with 
all of the test results are routinely transmitted to a central data 
base in Reliability Engineering, where failure rate trends are 
analyzed and tracked on an ongoing basis. These data are 
used to drive product improvements, to ensure that failure 
rates are continuously being reduced over time. 


Reliability data, including the Matrix Monitor results, can be 
obtained by contacting your local Harris sales office. 


TABLE 7. PLASTIC PACKAGED IC MONITORING TESTS 
MATRIX | 


SAMPLE/ 
TEST CONDITIONS DURATION LTPD 
Autoclave *121°C, 96 Hours 45/5 
100%RH, 15PSIG 


MATRIX Il 


SAMPLE/ 
TEST CONDITIONS DURATION LTPD 
Autoclave #121°C. 192 Hours 45/5 
100%RH, 15PSIG 


MATRIX Ill 


araiom | wren [is 
sos [roan [is 
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FLOW - PROCESS/PRODUCT RELIABILITY FOCUS 
DEVELOPMENT 


PRODUCT DEFINITION REVIEW e Assumes process development required 
xe 


e Evaluate reliability risks factors 
e Attain commitment for test vehicle development 


xe 


e Review test vehicle development and stress test plan 

e Review package requirements and ESD requirements 

¢ Review latent random failure mechanism history and design for elimination 

¢ Review ground rules for design and elimination of wear-out mechanisms 

e Review process characterization, statistical control and capability and critical 
node list 

e Review device modeling and simulations 

e Review process variability and producibility 

¢ Define wafer level reliability vehicles 


DESIGN REVIEW 


nek 


e Evaluate design of chip to package risk factors 

e Review Design ground Rule Checks (DRCs) 

e Establish reliability test, stress and failure analysis capabilities 
¢ Project failure rate based on test vehicle data 

e Review burn-in diagrams for production and qualification 

e Review overall qualification plan 


LAYOUT REVIEW 


xzkk et 


¢ Test vehicles and/or product constructed 
¢ Conduct wear-out characterization and/or product stress testing 


see 


TEST VEHICLE FABRICATION 


e Review test vehicle stress results 
e Verify wear-out mechanisms are eliminated by design and Statistical Process 
Control (test vehicle + SPC) 


e Review product characterization to data sheet, ESD, latch-up and Destructive 
Physical Analysis (DPA) results and define corrective actions 

¢ Review of life test data and failure mechanisms. Define corrective actions 

¢ Utilize statistical Design Of Experiments (DOX) if required to adjust process or de- 
sign 

¢ Define necessary changes to eliminate any systematic failure mechanism 

e If mature process - grant generic release 


nek 


EVALUATION REVIEW 


¢ Qualification requirements complete and presented. Meet FIT rate requirements 
e Review infant mortality burn-in results 
¢ Initiate reliability monitor plan 


NEW PRODUCT TRANSFER 


“net 


¢ Reliability Monitors: 

- Matrix monitor assessment 

- Military quality conformance testing 
¢ Trend analysis of reliability performance used to develop product improvements 
e Yield management support 


MANUFACTURE 


nee 


¢ High quality and reliable products shipped to Harris customers 


rere 


SHIPMENT 


CONTINUOUS IMPROVEMENT 


¢ Failure Analysis - Determine assignable cause of failure 
¢ Closed loop corrective action process 
¢ Continuous improvement objectives in product reliability and quality 


FIGURE 4. NEW PROCESS/PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Customer Return Services 


Harris places a high priority on resolving customer return 
issues. The Customer Return Services (CRS) department is 
responsible for determining the best manner to handle a 
return issue as illustrated in Figure 5. 


RA PFAST 
REQUEST REQUEST 


ELECTRICAL TEST/ 
PROBLEM VERIFICATION 


FAILURE 
ANALYSIS 


CONTAINMENT ACTIONS 
AND CORRECTIVE ACTIONS 


FIGURE 5. GENERAL RETURN FLOW 


The diversity of return reasons requires that many different 
organizations be involved to test, analyze, and correct field 
return issues. The CRS group coordinates the responses 
from the supporting organizations to drive closure of issues 
within the customer response time requirements, see Table 7. 
The results from the work performed on customer returns are 
used to initiate corrective actions and continuous 
improvements within the factories. 


The two methods used to return devices are by a RA (Return 
Authorization) request or by a PFAST (Product Failure 
Analysis Solution Team) request. The main difference 
between RA and PFAST is that the PFAST requests often 
require extensive analysis and a more formal response to the 
customer. All returns follow the same general procedure from 
the customer's perspective as seen in steps one to four of the 
customer return procedure. 


e Step 1 - Customer or Sales office contacts the Cus- 
tomer Return Services department. If a return is to be 
routed into the PFAST system, then a PFAST Action 
Request (see the PFAST form in this section) needs to 
be completed to understand the customer’s issue and 
direct the analysis efforts. 


- Phone Number: (407)-724-7400 

- FAX Number: (407)-724-7658 

- Internet: creturn @huey.mis.semi.harris.com 

- PROFS: CRETURN 

Step 2 - The Customer Return Services department 


notifies all affected sales, factory, and engineering 
organizations of the issue. 


Step 3 - When product is received, the issue is verified 
and any required analysis is performed. Where applica- 
ble, a preliminary analysis report is sent to the cus- 
tomer. 


Step 4 - A determination of the root cause of failure ini- 
tiates the corrective actions to address the source of 
the problem. A final corrective action report is sent to 
the customer if requested. 


The RA request is used to return and replace an entire lot of 
product. The lot is returned to Harris for replacement or credit. 
Once the product is received various tests and evaluations will 
be performed to determine the appropriate actions that should 
be taken to resolve any problems or issues. 


A PFAST request is used to return a small sample for analysis 
of a problem. The ultimate outcome of both types of requests 
is to determine corrective actions that would preclude the 
same problem occurring in the future. Where appropriate, a 
containment plan is also implemented to prevent a re- 
occurrence of the problem in the field. The customer return 
flow diagram (Figure 6) provides the typical activities and 
cycle times for processing a PFAST request. 


TABLE 8. CUSTOMER RETURN SERVICES 


To resolve product quality issues 
while providing feedback to both 
external and internal customers to 
facilitate corrective actions and 
continuous improvement of the 
product. 


factory for 


To provide a single point interface 
between the customer 
resolving 
problems, issues, and field returns. 


1. Maintain customer return history. 


and the 


technical | = Track returns through the factory. 


3. Establish a history library of problems 
and corrective actions. 


Ensure closure with customers. 
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STATUS UPDATE 
CUSTOMER 
 usrowen PRODUCT ANALYSIS REPORT CUSTOMER 
SALES CUSTOMER RETURN SERVICES GROUP 
OFFICE CORRECTIVE 
ACTION 


pe REPORT 
TEST 
ANALYSIS 
REQUIRED? REQUIRED? 
PRODUCT 
YES 
ANALYSIS 
MANUFACTURING 


ENGINEERING 
LABORATORY 
ASSEMBLY 
ENGINEERING 


as FAS a 16 DAYS ee 16 AVS OOOO 


INPUT FINAL 
FAILURE FAILURE ANALYSIS CORRECTIVE ACTIONS OUTPUT 


VERIFICATION (IF REQUIRED) AND CONTAINMENT ACTIONS 


———————————————— Jo DAS TOTAL CYCLE TINE :2:°:00— 


NOTE: The days indicated are the typical number of ‘working days’ not calendar days. Analysis difficulty 
and the nature of the corrective actions may either improve or degrade the total cycle time. 


FIGURE 6. CUSTOMER RETURN FLOW DIAGRAM 


8-16 


Harris Reliability 


FARRIS 


Request # 


semiconpuctor PFAST ACTION REQUEST 


(Product Failure Analysis Solution Team) 


Originator 
Company/Phone No. 
Device Type/Part No. 
No. Samples Returned 


Date: 


Customer 

Location 

Customer's Reference No. 
Quantity Received 


Instructions and requirements are on the back of this form. 


Has Field Applications been contacted for assistance? [] No [J] Yes - Who was contacted 


SOURCE OF PROBLEM REASON FOR ELECTRICAL REJECT 
(Enter the sequence of events in the boxes provided) (Where appropriate serialize units and specify for each) 


Visual/Mechanical 
[_] Describe 


Incoming Test (-] Not Performed 
[] 100% Tested [] Sample Tested 
No. Tested No. of Rejects 

Are results representative of previous lots? 

CL] YES [] NO 

In Process/Manufacturing Failure 

[_] Board Test [-] System Test 
How many units failed? 

Failed after hours of testing 

Was unit retested at incoming inspection? 

[] YES [] NO 

Are results representative of previous lots? 

C] YES [] NO 

Field Failure 

Failed after hours operation 

Estimated failure rate % per 

End User Location 


Min. °C Ave. °C —Max. 
Other 


ACTION REQUESTED BY CUSTOMER analysis is requested). 
Address of Failing Location 


Specific Action Requested (Contact PFAST Coordinator for other 


options) 
[-] Test Sample for Correlation Only 
(] Test Sample for Product Return >$5k 
(J Failure Analysis 
[_] Other 
Impact of Failed Units on Customer's Situation: 


Customer Contact with Specific Knowledge of Rejects 
Name 
Position Phone 


Additional Comments: 


Test Conditions Relating to Failure 
Tester Used (Mfgr/Model) 
Test Temperature 
Test Time [-] Continuous (T = sec) 
[J One Shot (T = sec) 
Describe any observed condition to which 
failure appears sensitive 


[-] DC Failure 
[-] Open [J Short [] Leakage 
[] Power Drain []InputLevel [J Output Level 
Pin Number 
(J AC Failure 
Power Supply Voltages = 
Input Voltages Viy = 
Pin Number 
Failing characteristics 


[-] RAM and ROM Failures (ROM failures must be 
returned with a good master unit if failure 


Describe Pattern Used (If not standard 
patterns, give very complete description 
including address sequence). 


Include timing diagrams and circuit schematic if available. 
ROM Programmer Used (If purchased 
unprogrammed) 


QUALITY AND 
RELIABILITY 


Conformal Coating (Mfgr/Model) 


FIGURE 7. PFAST ACTION REQUEST 
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INSTRUCTIONS FOR COMPLETING PFAST ACTION REQUEST FORM 


The purpose of this form is to help us provide you with a more accurate, complete, and timely response to failures which may occur. 
Accurate and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need for 
accurate and complete information, requests without a completed PFAST Action Request form will be returned. 


Source of Problem: 


This section requests the product flow leading to the failure. Mark an ‘X’ in the appropriate boxes up to and including the step which 
detected the failure. Also mark an ‘X’ in the appropriate box under “ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS?” to 
indicate whether this is a rare failure or a repeated problem. 


Example 1. No incoming electrical test was performed; the units Example 2. 100 out of the 500 units shipped were tested at incom- 
were installed onto boards; the boards functioned correctly for two ing and all passed. The units were installed into boards and the 
hours and then | unit failed. The customer rarely has a failure dueto —_ boards passed. The boards were installed into the system and the 
the Harris device. system failed immediately when turned on. There were 3 system 


failures due to this part. The customer frequently has failures of 
this Harris device. The 3 units were not retested at incoming. 


SOURCE OF PROBLEM 
(Enter the sequence of events in the boxes provided) 


1. VISUAL/MECHANICAL 
(J DESCRIBE 


SOURCE OF PROBLEM 


(Enter the sequence of events in the boxes provided) 


. VISUAL/MECHANICAL 
() DESCRIBE 


2. INCOMING TEST (J NoT PERFORMED 


() 100% TESTED SAMPLE TESTED 
No. TESTED __J00 No. OF REJECTS 0 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 


. INCOMING TEST NOT PERFORMED 


(J 100% TESTED (J) SAMPLE TESTED 
No. TESTED No. OF REJECTS 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 


CL) YES LJ NO YES LJ No 
. IN PROCESS/MANUFACTURING F AILURE 3. IN PROCESS/MANUFACTURING FAILURE 
@ Boarp TEST Q) SYSTEM TEST @ Boar TEST Q@ SysTEM TEST 


HOW MANY UNITS FAILED? i 
FAILED AFTER 2 HOURS OF TESTING 
WAS UNIT RETESTED AT INCOMING INSPECTION? 


HOW MANY UNITS FAILED? 3 
FAILED AFTER 0 HOURS OF TESTING 
WAS UNIT RETESTED AT INCOMING INSPECTION? 


Q) YES @ No () YES @ No 

ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
() YES (a NO (4 YES (} NO 

. FIELD FAILURE 4. FIELD FAILURE 

FAILED AFTER HOURS OPERATION FAILED AFTER HOURS OPERATION 

ESTIMATED FAILURE RATE % PER ESTIMATED FAILURE RATE % PER 

END USER LOCATION END USER LOCATION 

MIN. "CAVE. ‘Cc MAX. ba MIN. "CAVE. ‘C MAX. ‘ 


. OTHER . OTHER 


Action Requested by Customer: 
This section should be completed with the customer’s expectations. This information is essential for an appropriate response. 
Reason for Electrical Reject: 


This section should be completed if the type of failure could be identified. If this information is contained in attached customer corre- 
spondence there is no need to transpose onto the PFAST Action Request form. 


PFAST REQUIREMENTS 


The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can 
cause erroneous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being returned. 
Contact the local PFAST Coordinator if you have any questions. 


Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed in 
order to perform electrical and hermeticity testing. 


1. Units must be returned with proper ESD protection (ESD-safe shipping tubes within shielding box/bag or inserted into conductive 
foam within shielding box/bag). No tape, paper bags, or plastic bags should be used. This requirement ensures that the devices are not 
damaged during shipment back to Harris. 


2. Units must be intact (lid not removed and at least part of each package lead present). This is a requirement since the parts must be intact in 
order to perform electrical test. Also, opening the package can remove evidence of the cause of failure and lead to an incorrect conclusion. 


3. Programmable parts (ROMs, PROMs, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This require- 
ment is to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 


FIGURE 7. PFAST ACTION REQUEST (Continued) 
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Product Analysis Lab 


The Product Analysis Laboratory capabilities and charter 
encompass the isolation and identification of failure modes 
and mechanisms, preparing comprehensive _ technical 
reports, and assigning appropriate corrective actions. The 
primary activities of the Product Analysis Lab are electrical 
verification/characterization of the failure, package inspec- 
tion/analysis, die inspection/analysis, and circuit isola- 
tion/probing. A variety of tools and techniques have been 
developed to ensure the accuracy and integrity of the prod- 
uct analysis. This section lists some of the tools and tech- 
niques that are employed during a typical analysis. 


The electrical verification/characterization of devices failing 
electrical parameters is essential prior to performing an anal- 
ysis. The information obtained from the electrical verification 
provides a direction for the analysis efforts. The following 
electrical verification/characterization equipment may be 
used to obtain electrical data on a device: 

e HP82000M Mixed Signal Tester 

¢ LV500 ASIC verification system 

¢ LTS2020 Analog tester 

¢ Curve Tracer 

e Parametric Analyzer 

Prior to die level analysis, package inspection and analysis 
are performed. These steps are performed routinely since 
valuable data may not be obtainable once the package is 
opened. The package inspection and analysis may require 
the use of some of the following lab equipment: 

e X-Ray 

¢ C-Mode Scanning Acoustic Microscope (C-SAM) 

¢ Optical inspection microscopes 

e Package opening tools and techniques 


SPECIAL TESTS 
FAILURE MODE 
PREDICTIONS 


SELECT ANALYSIS PATH 


NON-DESTRUCTIVE 


Once the device has been opened, die inspection and analy- 
sis can be performed. Depending on the type of failure, sev- 
eral tools and techniques may be used to identify the failure 
mechanism. Usually the faster and easier to use operations 
are performed first in an attempt to expedite the analysis. 
The list of equipment and techniques for performing die 
inspection and analysis is as follows: 


¢ Optical microscopes 

¢ Liquid crystal 

¢ Emission microscope 

¢ Scanning electron microscopes - SEM 

The final step of circuit isolation is ready to be performed 
when an area of the circuit has been identified as the source 
of the problem through one of the previous analysis efforts. 
Circuit analysis is performed using the following probing and 
isolation tools: 

¢ Mechanical probing 

e Laser cutter and isolation 

e E-Beam probing 

¢ Cross sectioning and chemical deprocessing 

A typical analysis flow is shown in the Figure 8 below. The exact 
analysis steps and sequence are determined as the situation 
dictates. For the analysis to be conclusive, it is essential that the 
failure mechanism correlates to the initial product failure condi- 
tions. Some failure mechanisms require elemental and chemi- 
cal analysis to identify the root cause within the manufacturing 


process. Elemental and chemical analysis tasks are sent to the 
Analytical Services Lab for further evaluation. 


The results of each analysis are entered into a computer 
data base. This data base is used to search for specific 
types of problems, to identify trends, and to verify that the 
corrective actions were effective. 


DEENCAPSULATION 
INTERNAL VISUAL 
INSPECTION 
INTERNAL ELEC- 
TRICAL PROBE 
ANALYSIS 
ANALYSIS 
REPORT 


DESTRUCTIVE 


PHYSICAL 
TESTS 


CHEMICAL 
TESTS 
CROSS 

SECTION 


PROCESS 
DATA 
RESEARCH 
DATA 
CIRCUIT 
HISTORY 


FIGURE 8. ANALYSIS SEQUENCE 
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Analytical Services Laboratory MICROBEAM LABORATORY 


: ; ; I 
Chemical and physical analysis of materials and processes is eeeeraniy — 


an integral part of Harris’ Total Quality/Continuous BEAM ANALYSIS 
Improvement efforts to build reliability into processes and 
products. Manufacturing operations are supported with real- 

time analyses to help maintain robust processes. Analyses pera te 
are run in cooperation with raw material suppliers to help them MICROSCOPES X-RAY 
provide controlled materials in dock-to-stock procurement 
programs. 


oe ; , SCANNING WAVELENGTH 
Harris facilities, engineering, manufacturing, and product AUGER ELECTRON 


assurance are supported by the Analytical Services MICROPROBE MICROSCOPE 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 


TRANSMISSION X-RAY 
cooperate in fully integrated approaches necessary to spo PHOTOELECTRON 
complete analytical studies. MICROSCOPE SPECTROMETER 


The department also maintains ongoing working 
arrangements with commercial laboratories, universities, and 

equipment manufacturers to obtain any materials analysis in TAN ARGS 
cases where instrumental capabilities are not available in our SPECTROSCOPY 
own facility. Figure 9 and Figure 10 show the capabilities of 
each area. 


X-RAY 
FLUORESCENCE 


FIGURE 9. MICROBEAM LABORATORY 


CHEMISTRY LABORATORY 


[" 


SPECTROSCOPY SEPARATION METHODS THERMAL ANALYSIS PHYSICAL TESTING 


DIFFERENTIAL 
SCANNING PROFILOMETERS 
CALORIMETER 


EMISSION 


GAS 
SPECTROGRAPH CHROMATOGRAPH 


aia i ie oe ane 


AR THERMOGRAVIMETRIC MICROHARDNESS 
SPECTROPHOTOMETER 


ANALYZER 


ION 
CHROMATOGRAPH 


UV VISIBLE 


THER Gal. 
SPECTROPHOTOMETER VISCOMETRY 


ALYZER 


GAS 
CHROMATOGRAPH 
MASS SPECTROMETER 


H20, 02 AND THC 
ANALYZERS 


ORGANIC CARBON 
ANALYZER 


MASS SPECTROMETER 
(PACKAGE GAS 


MASS 
SPECTROMETER ANALYSIS) 


ATOMIC ABSORPTION 
SPECTROPHOTOMETER 


GRAPHITE 
FURNACE 


FIGURE 10. CHEMISTRY LABORATORY 
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Reliability Fundamentals and Calculation 
of Failure Rate 


Table 9 defines some of the more important terminology used 
in describing the lifetime of integrated circuits. Of prime . a 7 
importance is the concept of “failure rate” and its calculation. A = failure rate in FITs (Number fails in 10° device hours) 


‘ = ber of disti ible fail i 
Fallure Hate Caleulations number of distinct possible failure mechanisms 


; ee = number of life tests being combined 
Since reliability data can be accumulated from a number of 


different life tests with several different failure mechanisms, a n= ies of failures for a given failure mechanism 
comprehensive failure rate is desired. The failure rate ba teins B 
calculation can be complicated if there are more than one TDH; = Total device hours of test time (unaccelerated) for Life Test 


failure mechanism in a life test, since the failure mechanisms jj=1,2,3,...k 

are thermally activated at different rates The equation below AF; = Acceleration factor for appropriate failure mechanism i = 1, 
accounts for these considerations along with a statistical By aa 

factor to obtain the upper confidence level (UCL) for the = X20 ors 2y/2 

resulting failure rate. where, 


X? = chi square factor for 2r + 2 degrees of freedom 
r = total number of failures (x x;) 


B x ssn a= risk associated with UCL; 
j=|> ls i.e. a = (100-UCL(%))/100 
i=1 
2 TOH, AF Z " In the failure rate calculation, Acceleration Factors (AFj)) are 
j=1 i=1 used to derate the failure rate from the thermally accelerated 


life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
+55°C has been popular. Harris Semiconductor Reliability 
Reports will derate to +55°C and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 


TABLE 9. FAILURE RATE PRIMER 


TERMS DEFINITIONS/DESCRIPTION 


Failure Rate A Measure of failure per unit of time. The early life failure rate is typically higher, decreases slightly, 


and then becomes relatively constant over time. The onset of wear-out will show an increasing fail- 
ure rate, which should occur well beyond useful life. The useful life failure rate is based on the ex- 
ponential life distribution. 
FIT (Failure In Time) 
The summation of the number of units in operation multiplied by the time of operation. 
MTTF (Mean Time To Failure) Mean of the life distribution for the population of devices under operation or expected lifetime of an 


individual, MTTF = 1/A, which is the time where 63.2% of the population has failed. Example: For 
X= 10 FITS (or 10 E-9/Hr.), MTTF = 1/A = 100 million hours. 


Measure of failure rate in 109 device hours; e.g., 1 FIT = 1 failure in 109 device hours, 100 FITS = 
100 failure in 10° device hours, etc. 


Confidence Level (or Limit) Probability level at which population failure rate estimates are derived from sample life test: 10 FITs 
at 95% UCL means that the population failure rate is estimated to be no more that 10 FITs with 95% 


certainty. The upper limit of the confidence interval is used. 


Acceleration Factor (AF) A constant derived from experimental data which relates the times to failure at two different stresses. 
The AF allows extrapolation of failure rates from accelerated test conditions to use conditions. 
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Acceleration Factors Activation Energy 


Acceleration factor is determined from the Arrhenius The Activation Energy (Eg) of a failure mechanism is 

Equation. This equation is used to describe physiochemical determined by performing at least two tests at different levels 

reaction rates and has been found to be an appropriate model of stress (temperature and/or voltage). The stresses will 

for expressing the thermal acceleration of semiconductor provide the time to failure (t¢) for the two (or more) populations 

failure mechanisms. thus allowing the simultaneous solution for the activation 
energy as follows: 


E 
af 1 1 
ar = exe|-9(-1_--—t_] In (ty) = C + E In (ty) = C + E 
| K\Tyse 'stRESS vel : Mia) : 
kT; kT» 
By subtracting the two equations and solving for the activation 
where, energy, the following equation is obtained: 
AF = Acceleration Factor K[In(te4 ) —In(teo)] 
E, = Thermal Activation Energy (See Table 10) a~ “(1/T1-1/T2) 
k = Boltzmann’s Constant (8.63 x 10-9 eV/°K) where, 


Both Tyse and Tstresg (in degrees Kelvin) include the internal E, = Thermal Activation Energy (See Table 10) 


temperature rise of the device and therefore represent the k = Boltzmann's Constant (8.63 x 10-5 eV/°K) 


i re. , 
SDERON Ter Pera T;, To = Life test temperatures in degrees Kelvin 


TABLE 10. FAILURE MECHANISM 
FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 
Oxide Defects 0.3eV-0.5eV | High temperature operating life (HTOL) and | Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 
Silicon Defects 0.3eV -0.5eV | HTOL and voltage stress screens. Vendor statistical Quality Control programs, and 
(Bulk) Statistical Process Control on thermal processes. 
Corrosion 0.45eV Highly accelerated stress testing (HAST) Passivation dopant control, hermetic seal control, 
improved mold compounds, and product han- 
dling. 
Assembly 0.5eV-0.7eV | Temperature cycling, temperature and | Vendor Statistical Quality Control programs, 
Defects 


mechanical shock, and _ environmental | Statistical Process Control of assembly process- 
stressing. es, proper handling methods. 
Electromigration 
0.6eV 
0.9eV 
- Contact 
Mask Defects/ 0.7eV 
Photoresist 
Defects 
Contamination 


Design ground rules, wafer process statistical 
process’ steps, photoresist, metals and 
passivation. 


Test vehicle characterizations at highly 
elevated temperatures. 


- Al Line 


Clean room control, clean mask, pellicles, 
Statistical Process Control of photoresist/etch 
processes. 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 
and HTOL. 


Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 


C-V stress at oxide/interconnect, wafer FAB 
device stress test and HTOL. 


Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 


HTOL and oxide characterization. 


Charge Injection 
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Microprocessor Package Selection Guide 


PLASTIC PACKAGES CERAMIC PACKAGES 


| PLASTICPACKAGES 
orem ews || ms? i pe 
Ca CY RR 
cores [ewe | | —_[wwos| | | ows | | 
corms po 
Ca BR CT 
80C286/883 a 
80C86 
80C88 | E406 | 
CDP1851 
CDP1851C 
CDP1852 
CDP1852C 
CDP1852/3 ae 
CDP1852C/3 a 
CDP1853 
Ca CR 
CR 
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Package Outlines 


Dual-In-Line Plastic Packages (PDIP) 
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NOTES: 

1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. Rev. 0 12/93 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 

7. @g and @c are measured at the lead tips with the leads uncon- 
strained. €¢ must be zero or greater. 


0.300 BSC 7.62 BSC 


2.93 3.81 
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8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. ee. = 


. Dimensions A, A1 and L are measured with the package seated 


in JEDEC seating plane gauge GS-3. Rev. 0 12/93 


. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 


. Eand are measured with the leads constrained to be per- 


pendicular to datum [-C-]. 


. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. €¢ must be zero or greater. 
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. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


. Nis the maximum number of terminal positions. 


Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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INFORMATION 


Package Outlines 


Dual-In-Line Plastic Packages (PDIP) 
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NOTES: 

1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 


6. E and are measured with the leads constrained to be per- 
pendicular to datum ; 

7. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Package Outlines 


Dual-In-Line Plastic Packages (PDIP) 
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2.2 of Publication No. 95. 0.115 0.160 2.93 4.06 


4. Dimensions A, A1 and L are measured with the package seated 22 
in JEDEC seating plane gauge GS-3. Rev. 0 12/93 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 


6. Eand are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 
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3. Symbols are defined in the “MO Series Symbol List’ in Section 


N 


7. @g and @c are measured at the lead tips with the leads uncon- 
strained. @€¢ must be zero or greater. 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Package Outlines 


Dual-In-Line Plastic Packages (PDIP) 
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NOTES: 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and ea, are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 

7. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. N is the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Package Outlines 


Dual-In-Line Plastic Packages (PDIP) 
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1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List” in Section 


2.2 of Publication No. 95. L lina noe 2.03 | 5.08 
4. Dimensions A, A1 and L are measured with the package seated | oN | ae 


in JEDEC seating plane gauge GS-3. Rev. 0 12/93 
5. D, D1, and E1 dimensions do not include mold flash or protru- 

sions. Mold flash or protrusions shall not exceed 0.010 inch 

(0.25mm). 
6. E and are measured with the leads constrained to be per- 

pendicular to datum [-C-]. 
7. @g and €¢ are measured at the lead tips with the leads uncon- 

strained. €¢ must be zero or greater. 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Package Outlines 


Dual-In-Line Plastic Packages (PDIP) 
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1. Controlling Dimensions: INCH. In case of conflict between | 2s | | os | 
English and Metric dimensions, the inch dimensions control. Ce a 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. [= | 0.700 | ee RAC 

3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. re re 
4. Dimensions A, A1 and L are measured with the package seated | oN | p40 p40 | 9 | 


in JEDEC seating plane gauge GS-3. Rev. 0 12/93 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. Eand are measured with the leads constrained to be per- 
pendicular to datum 

7. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Package Outlines 


Small Outline Plastic Packages (SOIC) 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 

sions are not necessarily exact. 
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Package Outlines 


Small Outline Plastic Packages (SOIC) 
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NOTES: 
1. Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 of Publication Number 95. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 
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. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Dimension “D” does not include mold flash, protrusions or gate 


burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


. Dimension “E” does not include interlead flash or protrusions. In- 


terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


. The chamfer on the body is optional. If it is not present, a visual 


index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 

. “N’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 


above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Small Outline Plastic Packages (SOIC) 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 of Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Small Outline Plastic Packages (SOIC) 
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Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Dimension “D” does not include mold flash, protrusions or gate 


burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


. Dimension “E” does not include interlead flash or protrusions. In- 


terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


. The chamfer on the body is optional. If it is not present, a visual 


index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 

. “N’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 


above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 


Shrink Small Outline Plastic Packages (SSOP) 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List’ in Section Rev. 2 3/95 


2.2 of Publication Number 95. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.20mm (0.0078 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.20mm (0.0078 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. Dimension “B” does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.13mm (0.005 inch) total in excess 
of “B” dimension at maximum material condition. 


10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 


Shrink Small Outline Plastic Packages (SSOP) 
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NOTES: Rev. 1 3/95 
1. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.20mm (0.0078 inch) per side. 

4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.20mm (0.0078 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


o ON OD 


. Dimension “B” does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.13mm (0.005 inch) total in excess 
of “B” dimension at maximum material condition. 


10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Shrink Small Outline Plastic Packages (SSOP) 


M28.209 (JEDEC MO-150-AH ISSUE B) 
28 LEAD SHRINK SMALL OUTLINE PLASTIC PACKAGE 


MILLIMETERS 
SYMBOL NOTES 
A 


2.00 


0.078 
0.05 
1.65 
0.22 


0.072 
0.014 
0.009 
0.413 


0.065 
0.009 
0.004 
0.390 


1.85 
0.38 
0.25 
10.50 


0.026 BSC 0.65 BSC 


0.292 0.322 | 7.40 
2 
HP} 0.25(0.010) MD] ¢]A@|BS©) ass 


Rev. 1 3/95 


a 
al 
a 
bs 
ae 
a 
a 
eed 
a 
ae 


NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.20mm (0.0078 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.20mm (0.0078 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


o ON DD 


. Dimension “B” does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.138mm (0.005 inch) total in excess 
of “B” dimension at maximum material condition. 


10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Package Outlines 
Plastic Leaded Chip Carrier Packages (PLCC) 
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20 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
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ae VIEW “A” TYP. 
NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. 


3. Dimensions D1 and E1 do not include mold protrusions. Allow- 
able mold protrusion is 0.010 inch (0.25mm) per side. 


4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 
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Package Outlines 


Plastic Leaded Chip Carrier Packages (PLCC) 
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SEATING 


0.020 (0.51) MAX PLANE 
3 PLCS 0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 
} j 0.021 (0.53) 
| & 
<< 0.025 (0.64) 
0.045 (1.14) _. MIN 
ids VIEW “A” TYP. 
NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. 


3. Dimensions D1 and E1 do not include mold protrusions. Allow- 
able mold protrusion is 0.010 inch (0.25mm) per side. 


4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 


9-22 


Package Outlines 


Plastic Leaded Chip Carrier Packages (PLCC) 
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SEATING 


0.020 (0.51) MAX PLANE 
3 PLCS 0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 
¥ 4 0.021 (0.53) 


ee | «— 9.025 (0.64) 
0.045 (1.14) = MIN 


sila VIEW “A” TYP. 
NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. 


3. Dimensions D1 and E1 do not include mold protrusions. Allow- 
able mold protrusion is 0.010 inch (0.25mm) per side. 


4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 
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PACKAGING 
INFORMATION 


Package Outlines 
Plastic Leaded Chip Carrier Packages (PLCC) 
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SEATING 


0.020 (0.51) MAX PLANE 


3 PLCS 0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 
' “ 0.021 (0.53) 


= | «— 0.025 (0.64) 
0.045 (1.14) sad MIN 


ani VIEW “A” TYP. 
NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. 


3. Dimensions D1 and E1 do not include mold protrusions. Allow- 
able mold protrusion is 0.010 inch (0.25mm) per side. 


4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 
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Package Outlines 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 


ts 


. The maximum limits of lead dimensions b and c or M shall be 


. Dimensions b1 and ci apply to lead base metal only. Dimension 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


c1 LEAD FINISH F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


MILLIMETERS 


NOTES 
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Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 105° 
0.015 
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0.38 
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measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


M applies to lead plating and finish thickness. 


0.0015 0.038 2,0 
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partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. Rev. 0 4/94 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


7. Measure dimension S1 at all four corners. 


8. Nis the maximum number of terminal positions. 


9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


10, 


Controlling dimension: INCH. 
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INFORMATION 


Package Outlines 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 


1; 


. The maximum limits of lead dimensions b and c or M shall be 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


c1 LEAD FINISH F18.3 MIL-STD-1835 GDIP1-T18 (D-6, CONFIGURATION A) 
18 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 
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Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. ; 


0.038 2,9 
partial lead paddle. For this configuration dimension b3 replaces a ae Le 


dimension b2. Rev. 0 4/94 


M applies to lead plating and finish thickness. 


oO 
o1 
°o 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


7. Measure dimension S1 at all four corners. 


8. Nis the maximum number of terminal positions. 


9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Dual-in-Line Frit Seal Packages (CERDIP) 
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area shown. The manufacturer's identification shall not be used | 4 | 013 [| - | 
asa pin one identification mark. r90° [105° | 
2. The maximum limits of lead dimensions b and c or M shail be 0015 0 38 
measured at the centroid of the finished lead surfaces, when 0.015 J - | 0.38 | 
solder dip or tin plate lead finish is applied. 0.030 ae oe 
3. Dimensions b1 and c1 apply to lead base metal only. Dimension 0.010 p= | 0.25 | 
M applies to lead plating and finish thickness. 0.0015 a 0.038 2.3 
4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 20 ia 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. Rev. 0 4/94 
5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 


PACKAGING 
INFORMATION 
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Package Outlines 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 


c1 LEAD FINISH F22.4 MIL-STD-1835 GDIP1-T22 (D-7, CONFIGURATION A) 


ts 


. The maximum limits of lead dimensions b and c or M shall be 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


POOP] = mena 


Index area: A notch ora pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


M applies to lead plating and finish thickness. 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


7. Measure dimension S1 at all four corners. 


8. Nis the maximum number of terminal positions. 


9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


10. 


Controlling dimension: INCH. 
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Package Outlines 


Ceramic Dual-in-Line Frit Seal Packages (CERDIP) 


c1 LEAD FINISH F24.3 MIL-STD-1835 GDIP3-T24 (D-9, CONFIGURATION A) 
24 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 
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NOTES: 


1. Index area: A notch ora pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 
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0.13 
105° 
2. The maximum limits of lead dimensions b and c or M shall be 0015 
measured at the centroid of the finished lead surfaces, when : 


solder dip or tin plate lead finish is applied. 6 
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3. Dimensions b1 and ci apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. 0.038 


|_ L008 _| 
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Ee 
ae 
4. Corner leads (1, N, N/2, and N/2+1) may be configured with a — 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


Rev. 0 4/94 
5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 


PACKAGING 
INFORMATION 
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Package Outlines 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 
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1. Index area: A notch or a pin one identification mark shall be locat- 


ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


. The maximum limits of lead dimensions b and c or M shall be 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


. Dimensions b1 and ci apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


7. Measure dimension S1 at all four corners. 


8. Nis the maximum number of terminal positions. 


9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


10. 


Controlling dimension: INCH. 
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Package Outlines 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 
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1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


105° 
0.38 
0.76 


105° 

2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and ci apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. 0.038 2 3 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. Rev. 0 4/94 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 


PACKAGING 
INFORMATION 
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Package Outlines 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 
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. The maximum limits of lead dimensions b and c or M shall be 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
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0.510 
0.100 BSC 
0.600 BSC 
0.300 BSC 

0.125 


| Qs | 0.015 


Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


0.070 1.78 
105° 
0.38 
0.76 
0.25 
0.038 


0.015 
0.030 
0.010 
0.0015 


measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


M applies to lead plating and finish thickness. 


2,3 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. Rev. 0 4/94 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Dimension Q shall be measured from the seating plane to the 


base plane. 


. Measure dimension S1 at all four corners. 


8. Nis the maximum number of terminal positions. 


. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. 


Controlling dimension: INCH. 
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Package Outlines 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


ci LEAD FINISH D16.3 MIL-STD-1835 CDIP2-T16 (D-2, CONFIGURATION C) 
16 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 


NOTES 
0.200 
0.026 
0.023 
0.065 
0.045 


0 
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a 0.840 a 21.34 
S1 —» A 
AA 
52 | ee * 0.220 0.310 7.87 
eA 0.300 BSC 7.62 BSC 
1 ccc (| CHA - BO} DO) -pjaaa (Mj C/A - BO} DO} - ——— a 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


fa 


0.125 
0.015 
0.005 
0.005 


0.060 1.52 


S1 


S2 

2. The maximum limits of lead dimensions b andc or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. ccc 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


. . . . —_ 
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5. Dimension Q shall be measured from the seating plane to the Rev. 0 4/94 
base plane. 
6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 


PACKAGING 
INFORMATION 
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Package Outlines 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


SEATING 


) 


LEAD FINISH 


c1 


LANE 


NOTES: 
1 


. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


. Dimension Q shall be measured from the seating plane to the 
base plane. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 


10. 
vi, 


nearest metallization or lead. 
. Nis the maximum number of terminal positions. 
. Braze fillets shall be concave. 
Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
Controlling dimension: INCH. 


D18.3 MIL-STD-1835 CDIP2-T18 (D-6, CONFIGURATION C) 
18 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 
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Rev. 0 5/18/94 
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Package Outlines 


Ceramic Dual-in-Line Metal Seal Packages (SBDIP) 


c1 LEAD FINISH D22.4A 
22 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


INCHES MILLIMETERS 
SYMBOL 
A 


0.225 
0.026 
0.023 
0.065 
0.045 


5.72 
0.36 
0.36 
1.14 
0.58 


0.014 
0.045 
0.023 


0.58 
1.65 
1.14 


———2. 


BASE 


PLANE 
0.008 | 0.018 | 0.20 0.46 
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PLANE 0.008 | 0.015 0.38 3 
Si 1.114 28.22 


0.350 0.410 8.89 10.41 
2.54 BSC 
10.16 BSC 
5.08 BSC 

3.18 5.08 


0.38 1.78 


b2 —» 


NOTES: 


1. Index area: A notch ora pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


o1 


oO 
— 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 
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5. Dimension Q shall be measured from the seating plane to the Rev. 0 6/20/95 
base plane. 
6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 


PACKAGING 
INFORMATION 
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Package Outlines 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


¢1 LEAD FINISH D24.3 MIL-STD-1835 CDIP4-T24 (D-9, CONFIGURATION C) 
24 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 
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——— 


NOTES 


Zz 
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NOTES: 


1. Index area: A notch ora pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


oO 


S1 
S2 


0.005 
0.005 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


— 
= 
a 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. ccc 


0.010 0.25 
0.0015 0.038 


Rev. 0 4/96 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 2 


partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


5. Dimension Q shall be measured from the seating plane to the 
base plane. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Dual-in-Line Metal Seal Packages (SBDIP) 


ci LEAD FINISH 
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NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and ci apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


5. Dimension Q shall be measured from the seating plane to the 
base plane. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 


D24.6 MIL-STD-1835 CDIP2-T24 (D-3, CONFIGURATION C) 
24 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 
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PACKAGING 
INFORMATION 


Package Outlines 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


c1 LEAD FINISH 


pp reas D 
BASE 
PLANE 


seaTING’ 
PLANE 


NOTES: 


1. Index area: A notch ora pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


5. Dimension Q shall be measured from the seating plane to the 
base plane. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 


D28.6 MIL-STD-1835 CDIP2-T28 (D-10, CONFIGURATION C) 
28 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 
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Package Outlines 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


¢1 LEAD FINISH D40.6 MIL-STD-1835 CDIP2-T40 (D-5, CONFIGURATION C) 
40 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


| MAX | NOTES 
0.045 1.14 


D : : , 
sic ‘| 0.023 0.58 1.14 
SEATING 

>_> 


Pj ccc M | ClA-BO|D® 
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NOTES: 
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3.18 


ae 


. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


. Dimensions b1 and ci apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


. Dimension Q shall be measured from the seating plane to the Rev. 0 4/94 
base plane. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 


10. 
1; 


nearest metallization or lead. 
. Nis the maximum number of terminal positions. 
. Braze fillets shall be concave. 
Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
Controlling dimension: INCH. 
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INFORMATION 


Package Outlines 


Ceramic Pin Grid Array Packages (CPGA) 
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G68.B MIL-STD-1835 CMGA3-P68D (P-AC) 
68 LEAD CERAMIC PIN GRID ARRAY PACKAGE 


[180 2686 [2087 


[o20 [0.140 
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Rev. 0 6/20/95 


NOTES: 


Ww 
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NO Oo 


foe) 
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10. 
11. 
12. 


. “M” represents the maximum pin matrix size. 
. “N’ represents the maximum allowable number of pins. Number 


of pins and location of pins within the matrix is shown on the 
pinout listing in this data sheet. 


. Dimension “A1” includes the package body and Lid for both cav- 


ity-up and cavity-down configurations. This package is cavity 
down. Dimension “Ai” does not include heatsinks or other 
attached features. 


. Standoffs are required and shall be located on the pin matrix di- 


agonals. The seating plane is defined by the standoffs at dimen- 
sion “Q1”. 


. Dimension “Q1” applies to cavity-down configurations only. 
. All pins shall be on the 0.100 inch grid. 
. Datum C is the plane of pin to package interface for both cavity 


up and down configurations. 


. Pin diameter includes solder dip or custom finishes. Pin tips shall 


have a radius or chamfer. 


. Corner shape (chamfer, notch, radius, etc.) may vary from that 


shown on the drawing. The index corner shall be clearly unique. 
Dimension “S” is measured with respect to datums A and B. 
Dimensioning and tolerancing per ANSI Y14.5M-1982. 
Controlling dimension: INCH. 


Package Outlines 


Ceramic Leadless Chip Carrier Packages (CLCC) 


J18.B 
18 PAD CERAMIC LEADLESS CHIP CARRIER PACKAGE 
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NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 

3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Leadless Chip Carrier Packages (CLCC) 
J20.A MIL-STD-1835 CQCC1-N20 (C-2) 
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20 PAD CERAMIC LEADLESS CHIP CARRIER PACKAGE 
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NOTES 
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NOTES: 
1 


Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


. Unless otherwise specified, a minimum clearance of 0.015 inch 


(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


. Symbol “N” is the maximum number of terminals. Symbols “ND” 


and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 


. The required plane 1 terminals and optional plane 2 terminals (if 


used) shall be electrically connected. 


. The corner shape (square, notch, radius, etc.) may vary at the 


manufacturer's option, from that shown on the drawing. 


. Chip carriers shall be constructed of a minimum of two ceramic 


layers. 


. Dimension “A” controls the overall package thickness. The maxi- 


mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


9. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Leadless Chip Carrier Packages (CLCC) 

J20.C MIL-STD-1835 CQCC3-N20 (C-13) 
20 PAD CERAMIC LEADLESS CHIP CARRIER PACKAGE 
MILLIMETERS 


| MAX 
ae ie 
Bi 0.022 0.56 
B2 
B3 0.022 0.15 
0.305 7.11 


0.150 BSC 3.81 BSC 

0.075 BSC 1.90 BSC 
0.305 7.90 
0.420 0.440 10.67 11.18 

0.250 BSC 6.35 BSC 

0.125 BSC 3.17 BSC 
0.440 11.18 

0.050 BSC 1.27 BSC 
0.015 0.38 
0.040 REF 1,02 REF 
0.020 REF 0.51 REF 
0.045 0.055 1.14 
0.045 0.055 1.14 
0.075 0.095 1.91 
0.003 0.015 0.08 


SYMBOL 
A 
Al 


NOTES 
6,7 


fo) 
N 
—_ 


2,4 


Oo 
nm 


m 
ye) 


w 


m 
Ww 


TLL ‘ _. 
—- PLANE 1 


ti] 


e1 


r 


1.40 
2.41 
0.38 


L1 
L2 
L3 


Ww 


oO 
oO 


Rev. 0 6/13/95 
NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 

3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer’s option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 
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INFORMATION 


Package Outlines 


Ceramic Leadless Chip Carrier Packages (CLCC) 


J28.A MIL-STD-1835 CQCC1-N28 (C-4) 
28 PAD CERAMIC LEADLESS CHIP CARRIER PACKAGE 
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NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 

5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 

6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 


Package Outlines 


Ceramic Leadless Chip Carrier Packages (CLCC) 


J32.A MIL-STD-1835 CQCC1-N32 (C-12) 
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Rev. 0 6/13/95 
NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 

3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 

6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 
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Package Outlines 


Ceramic Leadless Chip Carrier Packages (CLCC) 


J44.A MIL-STD-1835 CQCC1-N44 (C-5) 
44 PAD CERAMIC LEADLESS CHIP CARRIER PACKAGE 
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Rev. 0 5/18/94 
NOTES: 


1. Metallized castellations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.38mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D” and “E”, respectively. 

4. The required plane 1 terminals and optional plane 2 terminals (if 
used) shall be electrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer’s option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Dimension “A” controls the overall package thickness. The maxi- 
mum “A” dimension is package height before being solder dipped. 


8. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
9. Controlling dimension: INCH. 


9-46 


MICROPROCESSOR 


PRODUCTS 


HARRIS’ ON-LINE SERVICES 


PAGE 
oh: ee ee ee ee ee eee ee ee ee eee ee ee ee ee eee ere 10-3 
HW 06 Ube FaiS ANSWER ok cose cke ceca dod ox KR ee ROK De PSHE aT NEOs SOEYES PERKS OR REE OH EVE ADO EERE 10-4 
Vour Map to Harris ANSWEIFAX, «osc cccxcascsateseescsasser vec a teeancev aN eed CREAR TORRE SER ee we 10-5 
Harris AnswerFAX Data Book Request Form - Document #199 ............ 0... cee eee 10-6 
AnewerFAX Technical SUPPOrt... . 6.2 ce cec cc edec cee oeeee te eee eee se een hee eee e eee Ee EE 10-7 


HARRIS’ ON-LINE 
SERVICES 


10-1 


See Us on the Net 


http:/Awww.semi.harris.com/ 


WHAT’S NEW 
e Press Releases 
e New Services 


¢ New Web Material 


PRODUCT INFORMATION 
e Organized by Device Function 


e Product Information Page Links to: 
- Data Sheets 


e >2500 Data Sheets and Application Notes 


SEARCH 


e Search Based Upon Part Number or Description 


DESIGN SUPPORT 
e Application Note Listing 


Tech Brief Listing 


Downloadable Design Software 


Evaluation Boards Listing 


e Lexicon 


E-mail To Central Applications Group for Technical Help 


OTHER LINKS 

¢ Sales Office and Distributor Listing 
¢ Target Application Sites 

¢ Quality/Reliability 


¢ Webmaster E-mail for Site Comments 


HARRIS’ ON-LINE 
SERVICES 
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How to Use Harris AnswerFAX 


What is AnswerFAX? 


AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 


What do | need to use AnswerFAX? 
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 


How does it work? 


You call the AnswerFAX number, touch-tone your way through a series of recorded questions, 
enter the order numbers of the documents you want, and give AnswerFAX a fax number to 
send them to. You'll have the information you need in minutes. The chart on the next page 
shows you how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product 
line information. There are nine catalogs: 


e New Products e Digital Signal Processing (DSP) Products «Rad Hard Products 
e Linear/Telecom Products — ¢ Discrete & Intelligent Power Products ¢ CMOS Logic Products 
e Data Acquisition Products _* Microprocessor Products e Application Notes 


Once they’re faxed to you, you can call back and order the publications themselves by number. 


@ee 
How do! start? 
Dial 407-724-7800. That's it. 
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Your Map to Harris AnswerFAX 


et SEMICONDUCTOR 


DOCUMENT 


ORDER 


WELCOME TO 
AnswerFAXx! 


GET HELP 


DESCRIPTION OF 
AnswerFAX 


SPECIAL CHARACTERS 


ENTERS “Q” 


+ 


ENTERS “2” 


ae 
ox 
< 


ENTERS “&” 


eel 
aC 


BLANK SPACE 


(=| 
CIEE! 


BACK-UP ONE 
CHARACTER 


HELP 


HARRIS’ ON-LINE 


SERVICES 


A complete AnswerFAX catalog listing is available. 
Please call 1-800-442-7747 and request extension number 7367. 


ENTER A MORE 
DOCUMENT 


NUMBER 


(UP TO THREE) 


NEW PRODUCTS 


LINEAR AND TELECOM 
PRODUCTS 


DATA ACQUISITION 
PRODUCTS 


DIGITAL SIGNAL 
PROCESSING 


DISCRETE AND 
INTELLIGENT 
POWER PRODUCTS 


MICROPROCESSOR 
PRODUCTS 


RADIATION HARDENED 
PRODUCTS 


CMOS LOGIC 
PRODUCTS 


APPLICATION 
NOTES 


CHOOSE A CATALOG 


ENTER 
YOUR CORRECT 


FAX NUMBER 
AND CONFIRM 


RE-ENTER YOUR 
FAX NUMBER 


MORE 
DONE 


(ORDER 
UP TO 
THREE 

CATALOGS) 


DONE 


ORDER 
SOMETHING 
ELSE 


AnswerFAX* is a Service Mark of Harris Corporation 1996 


ENTER YOUR NAME 


[° | GET HELP 


SEE QUICK Ug 
REFERENCE GUIDE 
PHONE 
FOR SPECIAL nee 
CHARACTERS 
AT LEFT 
OF PAGE 


CONFIRM 


TRY AGAIN 


CORRECT 


FAX IDENTIFIER 


VOICE 
OR PHONE 
NUMBER 


ENTER 


KHARRIS Harris AnswerFAX Data Book Request Form - Document #199 
SEMICONDUCTOR Data Books Available Now 


PUB. 
V NUMBER DATA BOOK/DESCRIPTION 


| |7004 Complete Set of Commercial Harris Data Books 
# 7005 Complete Set of Commercial and Military Harris Data Books 


DB223B POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power MOSFETs (the 


popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-level power MOSFETs 
DB316 POWER MOSFET DATA BOOK SUPPLEMENT (1996: 380pp) This data book contains the data sheets of recently introduced products 


(L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened power MOSFETs. 
and also updates some of the data sheets in the Power MOSFET Data Book DB223B. These data sheets contain the detailed 
specification for these products. 

DB235B RADIATION HARDENED (1993: 2,232pp) The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ACTS 


logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog switches, gate arrays, 
standard cells and custom devices. 


DB260.2 CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books under the 
Harris, GE, RCA or Intersil names. 


DB301B DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D converters (display, integrating, successive approximation, flash); 
D/A converters, switches, multiplexers, and other products. 

DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, signal 
synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 
DB303 MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on CMOS 
microprocessors, peripherals, data communications, and memory ICs. 

INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, application 
notes with design details for specific applications of Harris products, and a description of the Harris quality and high reliability program. 


DB309.1 MCTAGBT/DIODES (1995: 706pp) This MCT/IGBT/Diodes Data book represents the full line of these products made by Harris 


Semiconductor Discrete Power Products for commercial applications. 
DB319 


DB302B 


DB304.1 


HARRIS IGBT UFS SERIES SUPPLEMENT (1997: 164pp) The UFS series IGBT (Insulated Gate Bipolar Transistor) Data Book 
Supplement represents a new generation of IGBT products from Harris Semiconductor Discrete Power Products for commercial 
applications. This data book supplement describes Harris Semiconductor's line of UFS (Ultra Fast Switching) IGBTs. 


lal SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris Semiconductor 
ane Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for commercial applications. 

[~ CROSS-REFERENCE GUIDE (1996: 554pp) This guide contains the listing of semiconductor products that are second-sourced by 
Harris Semiconductor. 

DB317 COMMUNICATIONS DATA BOOK (1997: 708pp) This data book contains technical information including data sheets and application 
notes for a variety of Harris Integrated Circuits targeted for the communications industry. These products include the PRISM 2.4GHz 
DSSS Wireless Transceiver Chip Set, the new HC5517 Ringing SLIC as well as Standard Linear, Data Acquisition, DSP and Power 
products. 


LPT/FCT CMOS LOGIC EXPANSION (1997: 620pp) This data book fully describes Harris Semiconductor's LPT and FCT CMOS Logic 
ICs. It includes a complete set of data sheets for product specifications, application notes and techbriefs with design details for specific 


DB318 
applications of Harris products, and a description of the Harris Quality and Reliability program. 
i DB450.4 TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. Also, 
LINEAR ICs (1996/97: 1446pp) Harris offers an extensive line of Linear components including: High Speed and General Purpose Op 


general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and Principles,” 
DB500.3 
Amps, Comparators, Sample/Hold Amps, Video Crosspoint Switches, Special Analog Circuits and Transistor Arrays. 


DB312 ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with the 1989 
Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris Semiconductor Linear and Data 

Hardened Product Data Book (document #DB235B) 
j PSG201.23 | PRODUCT SELECTION GUIDE (1996: 834pp) Key product information on all Harris Semiconductor devices. Sectioned (Linear, Data 
High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It covers Harris’ High Speed 


“Suppression - Automotive Transients.” 
ate ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and Telecommunications 
Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and supersedes all previously published Linear and 
Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and Hi-Rel/Military and Rad 
SG103 
CMOS Logic HC/HCT Series, AC/ACT Series, BICMOS Interface Logic FCT Series and CMOS Logic CD4000B Series. 


ate circuits. 
Data Acquisition Military data books. For applications requiring Radiation Hardened products, please refer to the 1993 Harris Radiation 
B BR-057.3 | AnswerFAX CATALOG (Fall 1996: 112pp) A Complete AnswerFAX Catalog listing. 


Hard) for easy use and includes cross references and alphanumeric part number index. 
CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris Semiconductor 


NAME: COMPANY: 
PHONE: ADDRESS: MAIL STOP 
FAX: CITY, STATE: ZIP: 


LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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FARRIS 


AnswerFAX 
DOCUMENT 


NUMBER DESCRIPTION 


Complete Listing of Harris Sales 
Offices, Representatives and 
Authorized Distributors World 
Wide (10 pages) 


Ordering Nomenclature Guide 
(20 pages) BR-027.1 


MICROPROCESSOR INFORMATION 
7019 


PART NUMBER 
BR-007 


27027 BR-027 


DB303, Section 9 Microprocessor Packaging 


7024 DB260.2, 


Section 7 


DB260.2, 
Section 7 


DB260.2, 
Section 4 


DB260.2, 
Section 8 


7025 


7026 


7027 


Information (10 pages) 


Operating and Handling 
Considerations (5 pages) 


CDP6805 Package Selection 
(13 pages) 
CDP6805/CDP68HC05 
Instruction Set (10 pages) 


Package and Ordering 
Information (8 pages) 


MICROPROCESSOR DATA SHEETS 


2957 80C86 


2949 80C88 


2947 80C286 


80C286/883 


82C37A 


82C50A 


82C52 


82C54 


82C55A 


82C59A 


82C82 


82C83H 


82C84A 


CMOS 16 Bit Microprocessor 
(32 pages) 


CMOS 8/16-Bit Microprocessor 
(32 pages) FN2949.1 


High Performance 
Microprocessor with Memory 
Management and Protection 
(60 pages) FN2947.2 


High Performance 
Microprocessor With Memory 
Management and Protection 
(12 pages) 


CMOS High Performance 
Programmable DMA Controller 
(22 pages) 

CMOS Asynchronous 


Communications Element 
(21 pages) FN2958.1 


CMOS Serial Controller Interface 
(18 pages) FN2950.1 


CMOS Programmable Interval 
Timer (17 pages) FN2970.1 


CMOS Programmable Peripheral 
Interface (22 pages) FN2969.1 


CMOS Priority Interrupt 
Controller (20 pages) FN2784.2 


CMOS Octal Latching Bus Driver 
(7 pages) FN2975.1 


CMOS Octal Latching Inverting 
Bus Driver (6 pages) FN2971.1 


CMOS Clock Generator Driver 
(10 pages) 


AnswerFAX 
DOCUMENT 
NUMBER 
2976 
2977 
2978 


2979 
2980 
2965 


1103 


1717 
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PART NUMBER 


March 13, 1997 AnSwerFAX Technical Support 
semiconductor Microprocessor & Microcontroller Product Listing 


DESCRIPTION 


CMOS Static Clock Controller/ 
Generator (20 pages) FN2976.1 
CMOS Octal Bus Transceiver 
(7 pages) 

CMOS Octal Inverting Bus 
Transceiver (7 pages) 


82C85 


82C86H 


82C87H 


82C88 CMOS Bus Controller (9 pages) 


82C89 
82C237 


CMOS Bus Arbiter (13 pages) 


CMOS High Performance 
Programmable DMA Controller 
(26 pages) 


82C284 Clock Generator and Ready 
Interface for 80C286 Processors 


(11 pages) FN2966.1 


Clock Generator and Ready 
Interface for 80C286 Processors 
(8 pages) FN2968.1 


CDP1802A/3, —_High-Reliability CMOS 8-Bit 
CDP1802AC/3 Microprocessor (8 pages) 


CDP1802A, CMOS 8 Bit Microprocessors 
CDP1802AC, (24 pages) 
CDP1802BC 


CDP1805AC, 
CDP1806AC 


82C284/883 


CMOS 8-Bit Microprocessor With 
On-Chip RAM™* and Counter/ 
Timer (15 pages) 


High-Reliability CMOS 1024- 
Word x 1-Bit Static RAM 
(6 pages) FN2983.1 


256-Word x 4-Bit LSI Static RAM 
(8 pages) FN1074.2 


High-Reliability CMOS 256-Word 
x 4-Bit LSI Static RAM (5 pages) 
FN2981.1 


CDP1821C/3 


CDP 1822, 
CDP1822C 


CDP1822C/3 


CDP 1823, 128-Word x 8-Bit LSI Static RAM 
CDP1823C (7 pages) FN1198.2 
CDP1823C/3 _—_High-Reliability CMOS 128-Word 
x 8-Bit Static RAM (6 pages) 
FN2982.1 
CDP 1824, 32-Word x 8-Bit Static RAM 
CDP1824C (5 pages) w 
CDP1824/3, —_ High-Reliability CMOS 32-Wordx | | © 
CDP1824C/3 __8 Bit Static Random-Access 3 
Memory (5 pages) roe 
— 
CDP1826C CMOS 64-Word x 8-Bit Static Oc 
RAM (7 pages) co 
CDP 1851, CMOS Programmable I/O = 


CDP1851C 


CDP 1852, 
CDP1852C 


CDP 1852/3, 
CDP1852C/3 


Interface (12 pages) 
Byte-Wide Input/Output Port 
(8 pages) 


High-Reliability Byte-Wide Input/ 
Output Port (7 pages) FN1694.2 


AnswerFAX 
DOCUMENT 
NUMBER 


FARRIS 


PART NUMBER 


CDP 1853, 
CDP1853C 


CDP 1853/3, 
CDP1853C/3 


CDP1854A, 
CDP1854AC 


CDP1854A/3, 


CDP1854AC/3 


CDP 1855, 
CDP1855C 


CDP1857C 


CDP1871A, 
CDP1871AC 


CDP1872C, 
CDP1874C, 
CDP1875C 


CDP 1877, 
CDP1877C 


CDP 1878, 
CDP1878C 


CDP 1879, 
CDP1879C-1 


CDP 1881, 
CDP1881C, 
CDP 1882, 
CDP1882C 


CDP 1883, 
CDP1883C 


CDP6402, 
CDP6402C 


CDP65C51, 


CDP65C51A 


CDP6805E2, 


CDP6805E2C, 


CDP6805E3, 


CDP6805E3C 


CDP6805F2, 


CDP6805G2, 


DESCRIPTION 
N-Bit 1 of 8 Decoder (4 pages) 


High-Reliability CMOS N-Bit 1 of 
8 Decoder (4 pages) 
Programmable Universal 
Asynchronous Receiver/ 
Transmitter (UART) (20 pages) 
FN1193.2 

High Reliability CMOS 
Programmable Universal 
Asynchronous Receiver/ 
Transmitter (UART) (12 pages) 
FN1715.2 


8-Bit Programmable Multiply/ 
Divide Unit (13 pages) 

4-Bit Bus Buffer/Separator 
(4 pages) FN1192.2 


CMOS Keyboard Encoder 
(10 pages) FN1374.2 


High-Speed 8-Bit Input and 
Output Ports (6 pages) FN1255.2 


Programmable Interrupt 
Controller (PIC) (9 pages) 


CMOS Dual Counter-Timer 

(13 pages) 

CMOS Real-Time Clock 

(16 pages) 

CMOS 6-Bit Latch and Decoder 
Memory Interfaces (6 pages) 


CMOS 7-Bit Latch and Decoder 
Memory Interfaces (5 pages) 


CMOS Universal Asynchronous 
Receiver/Transmitter (UART) 
(12 pages) FN1328.2 


CMOS Asynchronous 
Communications Interface 
Adapter (ACIA) (18 pages) 
CMOS 8-Bit Microprocessor 
(28 pages) 


CMOS High Performance Silicon 
CDP6805F2C Gate 8-Bit Microcontroller 
(16 pages) 


CMOS High Performance Silicon 


CDP6805G2C _—_— Gate 8-Bit Microcontroller 


(16 pages) 


CDP68HC05J4 _~—s8--Biit Microcontroller Series 


(27 pages) FN4058 


AnswerFAX 
DOCUMENT 
NUMBER 


1557 
2757 


4248 


1963 


1858 


1544 


1918 


1547 


1919 


2960 


2961 


2962 
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PART NUMBER 
CDP6818 


CDP6818A 


CDP6823 


CDP6853 


CDP6872 


CDP68EM05C4, 
CDP68EM05C4N 


CDP68EM05D2, 
CDP68EM05D2N 


CDP68HC05C4, 
CDP68HC05C8, 
CDP68HCLO5C4, 
CDP68HCLO5C8, 
CDP68HSC05C4, 
CDP68HSC05C8 


March 13,1997 AnSwerFAX Technical Support 
sEmiconpuctor Microprocessor & Microcontroller Product Listing 


DESCRIPTION 


CMOS Real-Time Clock with 
RAM (19 pages) 


CMOS Real-Time Clock with 
RAM (19 pages) 


CMOS Parallel Interface 
(14 pages) 


CMOS Asynchronous 
Communications Interface 
Adapter (ACIA) with MOTEL Bus 
(19 pages) 


Low Power Crystal Oscillator 
(15 pages) FN4069 


CMOS High Performance Silicon 
Gate 8-Bit Microcontroller 
Emulator (6 pages) 


CMOS High Performance Silicon 
Gate 8-Bit Microcontroller 
Emulator (7 pages) 


8-Bit Microcontroller Series 

(51 pages) or call Harris 
Semiconductor (407) 724-7237 
and request by mail. FN2748.3 


CDP68HCO05D2_=‘8-Bit Microcontroller (40 pages) 


CDP68HC05J3_—sé8-Biit Microcontroller Series 


CDP68HCO05J4B, 


CDP68HCLO5J4B, 
CDP68HSC05J4B 


CDP68HC68A2 


CDP68HC68P 1 


CDP68HC68R1, 
CDP68HC68R2 


CDP68HC68S1 


CDP68HCE8T 1 


CDP68HC68W1 


HD-15530 


HD-15531 


HD-15531/883 


(23 pages) 


8-Bit Enhanced Microcontroller 
Series (39 pages) FN4248 


CMOS Serial 10-Bit A/D 
Converter (17 pages) 


CMOS Serial 8-Bit Input/Output 
Port (8 pages) 


CMOS 128 Word 
(CDP68HC68R1) and 256 Word 
(CDP68HC68R2) by 8-Bit Static 
RAMs (6 pages) 

Serial Multiplexed Bus 
Interface(14 pages) 


CMOS Serial Real-Time Clock 
With RAM and Power Sense/ 
Control (18 pages) 


CMOS Serial Digital Pulse Width 
Modulator (8 pages) 


CMOS Manchester Encoder- 
Decoder (12 pages) FN2960.1 


CMOS Manchester Encoder- 
Decoder (16 pages) FN2961.1 


CMOS Manchester Encoder- 
Decoder (8 pages) FN2962.1 


FARRIS 


ES 


AnswerFAX 
DOCUMENT 


AnswerFAX 
DOCUMENT 


NUMBER PART NUMBER DESCRIPTION NUMBER 


MICROPROCESSOR APPLICATION NOTES 


2954 HD-4702 CMOS Programmable Bit Rate 3001 
Generator (7 pages) FN2954.1 
HD-4702/883 | CMOS Programmable Bit Rate 3002 
Generator (7 pages) FN2955.1 
2956 HD-6402 CMOS Universal Asynchronous 3003 
Receiver/Transmitter (UART) 
(7 pages) 3005 
2953 HD-6402/883 CMOS Universal Asynchronous Rua 
Receiver Transmitter (UART) 3004 
2952 HD-6408 CMOS Asynchronous Serial 3017 
Manchester Adapter (ASMA) i. 
(7 pages) 
3016 
HD-6409 CMOS Manchester Encoder- 
Decoder (12 pages) FN2951.1 
2959 HD-6409/883 | CMOS Manchester Encoder- ae 
Decoder (7 pages) FN2959.1 
2994 HM-6504 4096 x 1 CMOS RAM (8 pages) ae 
FN2994.1 
2993 HM-6504/883 4096 x 1 CMOS RAM (10 pages) Rae 
FN2993. 1 
2984 HM-6508 1024 x 1 CMOS RAM (6 pages) 
FN2984.1 
HM-6508/883 1024 x 1 CMOS RAM (9 pages) 
2995 HM-6514 1024 x 4 CMOS RAM (7 pages) 
HM-6514/883 1024 x 4 CMOS RAM (9 pages) 
2998 HM-6516 2K x 8 CMOS RAM (6 pages) 
FN2998. 1 
HM-6516/883 2K x 8 CMOS RAM (8 pages) 
FN2999.1 
2987 HM-6518 1024 x 1 CMOS RAM (7 pages) Rat 
FN2987.1 
2986 HM-6518/883 1024 x 1 CMOS RAM (9 pages) | 
FN2986. 1 
2989 HM-6551 256 x 4 CMOS RAM (7 pages) oe 
FN2989. 1 
2988 HM-6551/883 256 x 4 CMOS RAM (9 pages) | 
| FN2988. 1 
| 2991 HM-6561 256 x 4 CMOS RAM (7 pages) ae 
FN2991.1 1325 
2990 HM-6561/883 256 x 4 CMOS RAM (9 pages) aa 
FN2990.1 
3006 HM-6564 8K x 8, 16K x 4 CMOS RAM 96525 
Module (6 pages) 
3000 HM-65162 2K x 8 Asynchronous CMOS 


Static RAM (7 pages) FN3000. 1 


— 
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PART NUMBER 


March 13,1997 AnSwerFAX Technical Support 
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DESCRIPTION 


HM-65162/883 2K x 8 Asynchronous CMOS 
Static RAM (9 pages) FN3001.1 


16K x 1 Asynchronous CMOS 
Static RAM (8 pages) FN3002.2 


16K x 1 Asynchronous CMOS 
Static RAM (9 pages) FN3003.2 


8K x 8 Asynchronous CMOS 
Static RAM (7 pages) FN3005.1 


HM-65642/883 8K x 8 Asynchronous CMOS 
Static RAM (9 pages) FN3004.1 


2K x 8 CMOS PROM (7 pages) 
FN3017.1 


2K x 8 CMOS PROM (7 pages) 
FN3016.1 


512 x 8 CMOS PROM (7 pages) 
FN3012.1 


512 x 8 CMOS PROM (7 pages) 
FN3013.1 


8K x 8 Asynchronous CMOS 
Static RAM Module (8 pages) 


16K x 8 High Speed 
Asynchronous CMOS Static RAM 
Module (5 pages) 

1M Bit Asynchronous CMOS 
Static RAM Module (7 pages) 


256K Synchronous CMOS RAM 
Module (5 pages) 

256K Buffered Synchronous 
CMOS RAM Module (5 pages) 


ARINC 429 Bus Interface Line 
Driver Circuit (5 pages) 
FN2963.1 


CMOS ARINC Bus Interface 
Circuit (13 pages) 


+5 Volt Powered Dual RS-232 
Transmitter/Receiver (6 pages) 


HM-65262 


HM-65262/883 


HM-65642 


HM-6617 
HM-6617/883 
HM-6642 
HM-6642/883 
HM-8808, 
HM-8808A 
HM-8816H 
HM-91M2 
HM-92560 


HM-92570 


HS-3182 


HS-3282 


ICL232 


ICM7170 uP-Compatible Real-Time Clock 


(13 pages) FN3019.1 


CMOS Bus Controller (10 pages) 
FN4086 


256-Word x 4-Bit LSI Static RAM 
(7 pages) FN1106.2 


1024-Word x 4-Bit LSI Static 
RAM (7 pages) FN1325.2 


MD82C88/7 


MWS5101, 
MWS5101A 


MWS5114 


HARRIS’ ON-LINE 
SERVICES 


(General Logic & Guide to Better Handling and 
Microprocessor) Operation of CMOS Integrated 


AN6525 Circuits (3 pages) 


- 


tae HARRIS March 13,1997 AnswerFAX Technical Support 
seEmiconbuctor Microprocessor & Microcontroller Product Listing 


AnswerFAX AnswerFAX 
DOCUMENT DOCUMENT 
NUMBER PART NUMBER DESCRIPTION NUMBER PART NUMBER DESCRIPTION 


(General DSP, Noise Aspects of Applying 98723 CDP6805 Interfacing Serial EEPROMs to 
Logic & Advanced CMOS AN8723 CDP6805 Microcomputers 


Microprocessor) Semiconductors (9 pages) (8 pages) 


sbiothiaen 97197 CDP6805F2 Keyless Entry System Using the 
(General Digital) Using the HS-3282 ARINC Bus AN7197 CDP6805F2 8-Bit Microcomputer 


AN400 Interface Circuit (6 pages) Unit (10 pages) 
ints 97200 CDP6805G2__ Monitor for the CDP6805G2 
80C286 Harris 80C286 Performance AN7200 Microcomputer (15 pages) 
id ee ee ieaiiaeal 99700 CDP68HCO0S, __ Interfacing the CDP68HC05 
pag PRISM ChipSet Microcontroller Family with 
80C286 Harris 80C286 Performance AN9700 PRISM™ Wireless Products 
AN111 Advantages Over the 80386 (5 pages) AN9700 
it pages) ANTI. 99702 CDP68HCO5 Keypad Scan and LCD Interface 
9112 80C286 80C286/80386 Hardware AN9702 for the CDP68HC05 (13 pages) 
AN112 Comparison (4 pages) AN112.1 AN9702 
9120 80C286 Interfacing the 80C286-16 with 99703 CDP68HC05 Interfacing a Harris CDP68HCO05 
AN120 the 80287-10 (2 pages) AN120.1 AN9703 with an l2C Serial DAC and the 


9109 82C59A 82C59A Priority Interrupt — Options (10 pages) 
AN109 Controller (14 pages) AN109.1 


ane TST 82052 Programmable UART 99704 CDP68HCO5 Interfacing Harris CDP68HCOS 
ANHIOR (12 pages) AN108.1 AN9704 Microcontrollers with 12C Serial 
pag EEPROMs (12 pages) AN9704 


96565 CDP1802 —_ Design of Clock Generators For 98601 CDP68HC05C4 CDP68HCO05C4 Monitor and 


AN6565 Use With COSMAC 
Microprocessor CDP 1802 AN8601 Real-Time Controller (27 pages) 


(3 pages) 98759 CDP68HC05C4_ Low Cost Data Acquisition 
CDP1855 —_— Understanding and Using the ANSTES system Features SPI A/D 


AN6970 CDP1855 Multiply/Divide Unit Converter (9 pages) 


(11 pages) 98761 CDP68HC68T1_ User's Guide to the 
97374 CDP1871A The CDP1871A Keyboard ANGIE] = CD FBRFN 981 T Regt Time Gican 


AN7374 Encoder (10 pages) AN7374.1 (14 pages) 


97275 CDP1879 User's Guide to the CDP 1879 BICROFAU EES SSN TRCHEMEFS 
AN7275 and CDP1879C1 CMOS Real- 82334 (General Guidelines for Soldering Surface 
Time Clocks (18 pages) Microprocessor) Mount Components to PC Boards 


CDP6402 A Comparative Description of the ime (Pages) toes 
AN8756 UART - Universal Asynchronous Tape and Reel Specification for 
Receiver/Transmitter (17 pages) Integrated Circuits (6 pages) 


CDP6805 CDP6805 CMOS Family TB347 
AN7199 Emulators (7 pages) 


CDP6805 Versatile Serial Peripheral 
AN8633 Interface (8 pages) 


CDP6805 CDP6805 Micros: Converting 
AN7364 Interrupts (4 pages) 
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MICROPROCESSOR 
PRODUCTS 


ALABAMA 

Harris Semiconductor 
600 Boulevard South 
Suite 103 

Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


Allied Electronics 
Huntsville 
TEL: (205) 721-3500 


Mobile 
TEL: (334) 476-1875 


Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton Halimark 
Huntsville 
TEL: (205) 837-8700 


Newark Electronics 
Birmingham 
TEL: (205) 979-7003 


Huntsville 
TEL: (205) 837-9091 


Mobile 
TEL: (205) 471-6500 


Wyle Electronics 
Huntsville 
TEL: (205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


ALASKA 

Newark Electronics 
Bellevue 

TEL: 800-321-8984 


ARIZONA 


Compass Mktg. & Sales, Inc. 


11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 


* Field Application Assistance Available 


2480 W. Ruthrauff, Suite #140 


Tucson, AZ 85705 
TEL: (520) 292-0222 
FAX: 520 292 1008 


Alliance Electronics, Inc. 
Scottsdale 
TEL: (602) 483-9400 


Allied Electronics 
Tempe 
TEL: (602) 831-2002 


Newark Electronics 
Tempe 
TEL: (602) 966-6340 


Arrow/Schweber 
Tempe 
TEL: (602) 431-0030 


Hamilton Hallmark 
Phoenix 
TEL: (602) 437-1200 


Wyle Electronics 
Phoenix 
TEL: (602) 804-7000 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


ARKANSAS 


Newark Electronics 
Little Rock 
TEL: (501) 225-8130 


CALIFORNIA 


Harris Semiconductor 


* 41503 So. Coast Drive 


Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433.0682 


Harris Semiconductor 
3031 Tisch Way 

Suite 800 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


North American Sales Offices, Representatives and Authorized Distributors 


10495 Bandley Avenue 
Cupertino, CA 95014-1972 
TEL: (408) 342-1220 

FAX: 408 342 1221 


Mesa Components, Inc. 
5520 Ruffin Road 

Suite 208 

San Diego, CA 92123 
TEL: (619) 278-8021 
FAX: (619) 576-0964 


Vision Technical Sales, Inc. 


26010 Mureau Road 
Suite 140 

Calabasas, CA 91302 
TEL: (818) 878-7955 
FAX: 818 878 7965 


16257 Laguna Canyon Road 
Suite 150 

Irvine, CA 92618 

TEL: (714) 450-9050 

FAX: (714) 450-9061 


Allied Electronics 
Irvine 
TEL: (714) 727-3010 


Rancho Cucamonga 
TEL: (909) 980-6522 
Rocklin 

TEL: (916) 632-3104 
San Diego 

TEL: (619) 279-2550 


San Jose 
TEL: (408) 383-0366 


Torrance 

TEL: (310) 540-0039 
Woodland Hills 

TEL: (818) 598-0130 


Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 


Fremont 

TEL: (408) 432-7171 
Irvine 

TEL: (714) 587-0404 
San Diego 

TEL: (619) 565-4800 


San Jose 
TEL: (408) 441-9700 


Bell Microproducts 
Irvine 
TEL: 714-470-2900 


San Diego 
TEL: 619-597-3010 


San Jose 
TEL: 408-451-9400 


Westlake Village 
TEL: 805-496-2606 


Hamilton Hallmark 
Costa Mesa 
TEL: (714) 789-4100 


Los Angeles 
TEL: (818) 594-0404 


Sacramento 
TEL: (916) 632-4500 


San Diego 
TEL: (619) 571-7540 


San Jose 
TEL: (408) 435-3500 


Newark Electronics 
Garden Grove 
TEL: (714) 893-4909 


Riverside 

TEL: (909) 784-1101 
Santa Fe Springs 
TEL: (310) 929-9722 
Sacramento 

TEL: (916) 565-1760 
Chula Vista 

TEL: (619) 691-0141 
San Diego 

TEL: (619) 453-8211 
Palo Alto 

TEL: (415) 812-6300 
Santa Clara 

TEL: (408) 988-7300 
Thousand Oaks 
TEL: (805) 499-1480 


Wyle Electronics 
Los Angeles 
TEL: (818) 880-9000 


Irvine 
TEL: (714) 789-9953 


Sacramento 
TEL: (916) 638-5282 
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San Diego 
TEL: (619) 565-9171 


Santa Clara 
TEL: (408) 727-2500 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


Irvine 
TEL: (714) 581-4622 
TEL: (800) 52-HI-REL 


CANADA 


Blakewood Electronic 
Systems, Inc. 

#201 - 7382 Winston Street 
Burnaby, BC Canada V5A 2G9 
TEL: (604) 444-3344 

FAX: 604 444 3303 


Cee-Jay Microsystems LTD. 
5925 Airport Road, Suite 614 
Mississauga, Ontario L4V 1W1 
TEL: 905-678-3188 
FAX: 905-678-3166 


308 Palladium Drive 

Suite 200 Kanata, Ontario 
Canada K2B 1A1 

TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


Allied Electronics 
Burnaby, BC 
TEL: (604) 420-9691 


Nepean, Ontario 
TEL: (613) 228-1964 


Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (905) 670-7769 


Anthem Canada 
Burnaby, British Columbia 
TEL: (604) 606-8950 


Calgary, Alberta 
TEL: (403) 273-2780 


Concord, Ontario 
TEL: (416) 798-4884 
Nepean, Ontario 
TEL: (613) 596-6980 
Pointe Claire, Quebec 
TEL: (514) 697-8149 
Winnipeg, Manitoba 
TEL: (204) 786-2589 


* Field Application Assistance Available 


Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 


Montreal 
TEL: (514) 335-1000 


Ottawa 
TEL: (613) 226-1700 


Vancouver, B.C. 
TEL: (604) 420-4101 
Toronto 

TEL: (905) 564-6060 


Newark Electronics 
London, Ontario 
TEL: (519) 685-4280 


Mississauga, Ontario 
TEL: (905) 670-2888 


Mount Royal, Quebec 
TEL: (514) 738-4488 


COLORADO 


Compass Mktg. & Sales, Inc. 
14142 Denver West Pkwy #200 
Golden, CO 80401 

TEL: (303) 277-0456 

FAX: 303 277-0429 


Allied Electronics 
Englewood 
TEL: (303) 790-1664 


Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 


Hamilton Hallmark 
Denver 
TEL: (303) 790-1662 


Colorado Springs 
TEL: (719) 637-0055 


Newark Electronics 
Denver 
TEL: (303) 373-4540 


Wyle Electronics 
Denver 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 


Advanced Tech. Sales, Inc. 
Westview Office Park 

Bldg. 2, Suite 1C 

850 N. Main Street Extension 
Wallingford, CT 06492 

TEL: (508) 664-0888 

FAX: 203 284 8232 


Alliance Electronics, Inc. 
Milford 
TEL: (203) 874-2001 


Allied Electronics 
Cheshire 
TEL: (203) 272-7730 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Hamilton Hallmark 
Danbury 
TEL: (203) 271-5700 


Newark Electronics 
Bloomfield 
TEL: (203) 243-1731 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 


Harris Semiconductor 
2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 536 6933 


600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (954) 429-1077 

FAX: 954 429 0019 


Allied Electronics 
Ft. Lauderdale 
TEL: (954) 733-3144 


Jacksonville 
TEL: (904) 739-5920 


Maitland 
TEL: (407) 539-0055 


Miami Lakes 
TEL: (305) 558-2511 


St. Petersburg 
TEL: (813) 579-4660 


Arrow/Schweber 
Deerfield Beach 
TEL: (954) 429-8200 


Lake Mary 
TEL: (954) 333-9300 


Bell Microproducts 
Altamonte Springs 
TEL: 407-682-1199 
TEL: 800-542-3083 


Deerfield Beach 
TEL: 305-429-1001 


Hamilton Hallmark 
Clearwater 
TEL: (813) 507-5000 


Orlando 

TEL: (407) 657-3300 
Miami 

TEL: (954) 484-5482 
Newark Electronics 
Orlando 

TEL: (407) 896-8350 


Ft. Lauderdale 
TEL: (305) 486-1151 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Tampa 
TEL: (813) 287-1578 


Jacksonville 
TEL: (904) 399-5041 


Mobile 
TEL: (205) 471-6500 


Wyle Electronics 
Fort Lauderdale 
TEL: (954) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 


* 


Giesting & Associates 
2434 Hwy. 120, Suite 108 
Duluth, GA 30136 

TEL: (770) 476-0025 
FAX: 770 476 2405 


Allied Electronics 
Duluth 
TEL: (770) 497-9544 


Arrow/Schweber 
Duluth 
TEL: (770) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (770) 623-4400 


Newark Electronics 
Norcross 
TEL: (770) 448-1300 


Wyle Electronics 
Atlanta 
TEL: (770) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


IDAHO 


Allied Electronics 
Boise 
TEL: (208) 331-1414 


Newark Electronics 
Boise 
TEL: (208) 342-4311 


ILLINOIS 


* 


Harris Semiconductor 

1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 

TEL: (847) 240-3480 

FAX: 847 619 1511 


L-TECH Marketing, Inc. 
2414 Hwy. 94 South Outer Rd. 
Suite A 

St. Charles, MO 63303 

TEL: (314) 936-2007 

FAX: 314-936-1991 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (847) 640-1850 

FAX: 847 640 9432 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Allied Electronics 
Bensenville 
TEL: (630) 860-0007 


Grayslake 
TEL: (847) 548-9330 


Loves Park 
TEL: (815) 636-1010 


Oak Forest 
TEL: (708) 535-0038 


Arrow/Schweber 
Itasca 
TEL: (630) 250-0500 


Bell Microproducts 
Schaumburg 
TEL: 847-413-8530 


Hamilton Halimark 
Chicago 

TEL: (847) 797-7300 
Newark Electronics 
Rockford 

TEL: (815) 229-0225 
Springfield 

TEL: (217) 787-9972 
Schaumburg 

TEL: (708) 310-8980 
Willowbrook 

TEL: (708) 789-4780 
Wyle Electronics 
Chicago 

TEL: (708) 620-0969 


Zeus, An Arrow Company 


Itasca 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


INDIANA 


ca 


* Field Application Assistance Available 


Harris Semiconductor 


11590 N. Meridian St. 
Suite 100 

Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 


370 Ridgepoint Dr. 
Carmel, IN 46032 
TEL: (317) 844-5222 
FAX: 317 844 5861 


Allied Electronics 
Carmel 
TEL: (317) 571-1880 


Arrow/Schweber 
Indianapolis 
TEL: (317) 299-2071 


EMC/Kent Electronics 


Indianapolis 
TEL: (317) 484-3050 


Hamilton Hallmark 
Carmel 
TEL: (317) 575-3500 


Newark Electronics 
Fort Wayne 
TEL: (219) 484-0766 


Indianapolis 
TEL: (317) 844-0047 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 
Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 
Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


Allied Electronics 
Cedar Rapids 
TEL: (319) 390-5730 


Newark Electronics 
Cedar Rapids 
TEL: (319) 393-3800 


West Des Moines 
TEL: (515) 222-0700 


Bettendorf 
TEL: (319) 359-3711 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 
L-TECH Marketing, Inc. 
1 Kings Court, Suite 115 
New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 


Allied Electronics 
Overland Park 
TEL: (913) 338-4372 


Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Hallmark 
Kansas City 
TEL: (913) 663-7900 


Newark Electronics 
Overland Park 
TEL: (913) 677-0727 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KENTUCKY 
Giesting & Associates 
339 Arrowhead Springs Lane 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


Newark Electronics 
Louisville 
TEL: (502) 423-0280 


LOUISIANA 
Allied Electronics 
St. Rose 
TEL: (504) 466-7575 


Newark Electronics 
Metairie 
TEL: (504) 838-9771 


MARYLAND 
New Era Sales, Inc. 
890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEL: (410) 761-4100 
FAX: 410 761-2981 


Allied Electronics 
Columbia 
TEL: (410) 312-0810 


Arrow/Schweber 
Columbia 
TEL: (410) 309-0686 


Bell Microproducts 
Columbia 
TEL: 410-720-5100 


Hamilton Hallmark 
Columbia 
TEL: (410) 720-3400 


Newark Electronics 
Hanover 
TEL: (410) 712-6922 


Wyle Electronics 
Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 
Harris Semiconductor 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


Allied Electronics 
Norwood 
TEL: (617) 255-0361 


Peabody 
TEL: (508) 538-2401 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Bell Microproducts 
Billerica 

TEL: 508-667-2400 
TEL: 800-552-4305 


Gerber Electronics 
Norwood 
TEL: (617) 769-6000 


Hamilton Hallmark 
Peabody 
TEL: (508) 532-9893 


Newark Electronics 
Marlborough 
TEL: (508) 229-2200 


Woburn 
TEL: (617) 935-8350 


Six New England Executive Pk. 


Wyle Electronics 
Bedford 
(617) 271-9953 


Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


Obsolete/Discontinued 


Products: 


Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


MICHIGAN 


* 


Harris Semiconductor 
27777 Franklin Rd., Suite 460 
Southfield, MI 48034 

TEL: (810) 746-0800 

FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, MI 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 


Allied Electronics 
Grand Rapids 
TEL: (616) 365-9960 


Plymouth 
TEL: (313) 416-9300 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 
Plymouth 

TEL: (313) 416-5800 


Newark Electronics 
Grand Rapids 

TEL: (616) 954-6700 
Saginaw 

TEL: (517) 799-0480 
Oak Park 

TEL: (810) 967-0600 


Troy 
TEL: (810) 583-2899 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA 


Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


Allied Electronics 
Minnetonka 
TEL: (612) 938-5633 


Bell Microproducts 
Eden Prairaie 
TEL: 612-943-1122 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 


Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 


Newark Electronics 
Minneapolis 
TEL: (612) 331-6350 


St. Paul 
TEL: (612) 631-2683 


Wyle Electronics 
Minneapolis 
TEL: (612) 853-2280 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MISSISSIPPI 
Newark Electronics 
Ridgeland 
TEL: (601) 956-3834 


MISSOURI 
L-TECH Marketing, Inc. 
2414 Hwy. 94 South Outer Rd. 
Suite A 
St. Charles, MO 63303 
TEL: (314) 936-2007 
FAX: 314-936-1991 


Allied Electronics 
Earth City 
TEL: (314) 291-7031 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 


Newark Electronics 
St. Louis 
TEL: (314) 453-9400 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEBRASKA 
L-TECH Marketing, Inc. 
1 Kings Court, Suite 115 
New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 


Allied Electronics 
Omaha 
TEL: (402) 697-0038 


Newark Electronics 
Omaha 
TEL: (402) 592-2423 


NEVADA 
Allied Electronics 
Las Vegas 
TEL: (702) 258-1087 


NEW HAMPHIRE 
Newark Electronics 
Nashua 
TEL: (603) 888-5790 


* Field Application Assistance Available 


NEW JERSEY 


* 


* 


Harris Semiconductor 
Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


Allied Electronics 
E. Brunswick 
TEL: (908) 613-0828 


Mt. Laurel 
TEL: (609) 234-7769 


Parsippany 
TEL: (201) 428-3350 


Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Bell Microproducts 
Clifton 
TEL: 201-777-4100 


Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 


Newark Electronics 
East Brunswick 
TEL: (908) 937-6600 


Wyle Electronics 
Pine Brook 
TEL: (201) 882-8358 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rad., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


Alliance Electronics, Inc. 
Albuquerque 
TEL: (505) 837-2801 


Allied Electronics 
Albuquerque 
TEL: (505) 266-7565 


Hamilton Hallmark 
Albuquerque 
TEL: (505) 293-5119 


Newark Electronics 
Albuquerque 
TEL: (505) 828-1878 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


NEW YORK 


* 


* 


Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0291 Analog 
TEL: (516) 342-0292 Digital 
FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 

FAX: 716 586 1359 


7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Parallax, Inc. 

734 Walt Whitman Rd. 
Melville, NY 11747 
TEL: (516) 351-1000 
FAX: 516-351-1606 


Alliance Electronics, Inc. 
Huntington 
TEL: (516) 673-1930 


Allied Electronics 
Amherst 
TEL: (716) 831-8101 


Great Neck 
TEL: (516) 487-5211 


Hauppauge 
TEL: (516) 234-0485 


Lagrangeville 
TEL: (914) 452-1470 


Rochester 
TEL: (716) 292-1670 


Syracuse 
TEL: (315) 446-7411 


Arrow/Schweber 
Farmingdale 
TEL: (516) 293-6363 


Hauppauge 
TEL: (516) 231-1000 


Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


Bell Microproducts 
Smithtown 
TEL: 516-543-2000 


Hamilton Hallmark 
Long Island 
TEL: (516) 737-0600 


Hauppauge 
TEL: (516) 434-7470 


Rochester 
TEL: (716) 272-2740 


Newark Electronics 
Wappingers Falls 
TEL: (914) 298-2810 


Latham 
TEL: (518) 783-0983 


Bohemia 
TEL: (516) 567-4200 


Williamsville 
TEL: (716) 631-2311 


Pittsford 
TEL: (716) 381-4244 


Liverpool 
TEL: (315) 457-4873 


Wyle Electronics 
Long Island 
TEL: (516) 293-8446 


Rochester 
TEL: (716) 334-5970 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NORTH CAROLINA 
New Era Sales 
1215 Jones Franklin Road 
Sujte 201 
Raleigh, NC 27606 
TEL: (919) 859-4400 
FAX: 919 859 6167 


Allied Electronics 
Charlotte 
TEL: (704) 525-0300 


Raleigh 
TEL: (919) 876-5845 


Arrow/Schweber 
Raleigh 
TEL: (919) 876-3132 


EMC/Kent ELectronics 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 


Newark Electronics 
Charlotte 
TEL: (704) 535-5650 


Greensboro 
TEL: (910) 294-2142 


Raleigh 
TEL: (919) 781-7677 


Wyle Electronics 
Raleigh 

TEL: (919) 481-3737 
TEL: 800-950-9953 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 


Giesting & Associates 
P.O. Box 39398 

2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 792-5900 
FAX: 614 792 6601 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


Alliance Electronics, Inc. 
Dayton 
TEL: (513) 433-7700 


Allied Electronics 
Beachwood 
TEL: (216) 831-4900 


Cincinnati 
TEL: (513) 771-6990 


Worthington 
TEL: (614) 785-1270 


Arrow/Schweber 
Solon 
TEL: (216) 248-3990 


Centerville 
TEL: (937) 435-5563 


EMC/Kent Electronics 
Columbus 
TEL: (614) 299-4161 


Cleveland 
TEL: (216) 360-4646 


Hamilton Hallmark 
Cleveland 
TEL: (216) 498-1100 


Columbus 

TEL: (614) 888-3313 
Dayton 

TEL: (513) 439-6735 
Newark Electronics 


Cincinnati 
TEL: (513) 772-8181 


Columbus 

TEL: (614) 326-0352 
Dayton 

TEL: (513) 294-8980 


Toledo 
TEL: (419) 866-0404 


* Field Application Assistance Available 


Youngstown 
TEL: (216) 793-6134 


Cleveland 
TEL: (216) 391-9330 


Wyle Electronics 
Cleveland 
TEL: (216) 248-9996 


Dayton 
TEL: (513) 436-9935 
Zeus, An Arrow Company 


TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 


OKLAHOMA 


Nova Marketing 

8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 

TEL: (918) 660-5105 

FAX: 918 357 1091 


Allied Electronics 
Tulsa 
TEL: (918) 250-4505 


Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


Hamilton Hallmark 
Tulsa 
TEL: (918) 459-6000 


Newark Electronics 
Oklahoma City 
TEL: (405) 843-3301 


Tulsa 
TEL: (918) 252-5070 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 


PENNSYLVANIA 


Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


Allied Electronics 
Chadds Ford 
TEL: (610) 388-8455 


Harrisburg 
TEL: (717) 540-7101 


Pittsburg 
TEL: (412) 931-2774 


Arrow/Schweber 

Pittsburgh 

TEL: (412) 327-1130 
800-529-0895 


Hamilton Hallmark 
Pittsburgh 
TEL: (800) 332-8638 


Newark Electronics 
Allentown 
TEL: (610) 434-7171 


Ft. Washington 
TEL: (215) 654-1434 


Pittsburgh 
TEL: (412) 788-4790 


Wyle Electronics 
Philadelphia 
TEL: (609) 439-9110 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


SOUTH CAROLINA 


Northwest Marketing Assoc. 
4905 SW Griffith Drive Suite 106 


Beaverton, OR 97005 
TEL: (503) 644-4840 
FAX: 503 644-9519 


Allied Electronics 
Beaverton 
TEL: (503) 626-9921 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamilton Hallmark 
Portland 
TEL: (503) 526-6200 


Newark Electronics 
Portland 
TEL: (503) 297-1984 


Wyle Electronics 
Portland 
TEL: (503) 598-9953 


Zeus, An Arrow Companyy 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


Allied Electronics 
Greenville 
TEL: (864) 288-8835 


Newark Electronics 
Greenville 
TEL: (803) 288-9610 


TENNESSEE 


Newark Electronics 
Knoxville 

TEL: (615) 588-6493 
Memphis 

TEL: (901) 396-7970 
Brentwood 

TEL: (615) 371-1341 


TEXAS 


* 


Harris Semiconductor 
17000 Dallas Parkway, 
Suite 205 

Dallas, TX 76248 

TEL: (972) 733-0800 
FAX: 972 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


8350 Meadow Rad., Suite 174 


Dallas, TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 


Corporate Atrium II, Suite 140 


10701 Corporate Dr. 
Stafford, TX 77477 
TEL: (713) 240-6082 
FAX: 713 240 6094 


Allied Electronics 
Austin 
TEL: (512) 219-7171 


Brownsville 
TEL: (210) 548-1129 


Dallas 
TEL: (214) 341-8444 


El Paso . 
(915) 779-6294 


Fort Worth 
(817) 595-3500 


Forth Worth 
(817) 595-6455 


Humble 
(713) 446-8005 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (972) 380-6464 


Houston 
TEL: (713) 647-6868 


Bell Microproducts 
Austin 
TEL: 512-258-0725 


Richardson 
TEL: 214-783-4191 


Hamilton Hallmark 
Austin 
TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 
TEL: (713) 781-6100 


Newark Electronics 
Austin 
TEL: (512) 338-0287 


Corpus Christi 

TEL: (512) 857-5621 
El Paso 

TEL: (915) 772-6367 


Houston 
TEL: (713) 894-9334 


San Antonio 
TEL: (210) 734-7960 


Dallas 
TEL: (214) 458-2528 


Wyle Electronics 
Austin 
TEL: (512) 345-8853 
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North American Sales Offices, Representatives and Authorized Distributors (continued) 


Dallas 
TEL: (214) 235-9953 


Houston 
TEL: (713) 879-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 


Compass Mktg. & Sales, Inc. 


5 Triad Center, Suite 320 
Salt Lake City, UT 84180 
TEL: (801) 322-0391 
FAX: 801 322-0392 


Allied Electronics 
Salt Lake City 
TEL: (801) 261-5244 


Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Bell Microproducts 
Centerville 
TEL: 801-295-3900 


Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 


Newark Electronics 
Salt Lake City 
TEL: (801) 261-5660 


Wyle Electronics 
Draper (Telesales) 
TEL: (801) 523-2335 


Salt Lake City 
TEL: (801) 974-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


VIRGINIA 


Allied Electronics 
Springfield 

TEL: (703) 644-9515 
Virginia Beach 

TEL: (804) 363-8662 
Newark Electronics 
Richmond 

TEL: (804) 282-5671 


Herndon 
TEL: (703) 707-9010 


WASHINGTON 
Northwest Marketing Assoc. 


12835 Bel-Red Road 
Suite 330N 

Bellevue, WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 


Allied Electronics 
Renton 
TEL: (206) 251-0240 


Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 


Hamilton Hallmark 
Seattle 
TEL: (206) 882-7000 


Newark Electronics 
Bellevue 
TEL: (206) 641-9800 


Spokane 
TEL: (509) 327-1935 


Wyle Electronics 
Seattle 
TEL: (206) 881-1150 


Zeus, An Arrow Company 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WEST VIRGINIA 


Allied Electronics 
Charleston 
TEL: (304) 925-2487 


Newark Electronics 
Charleston 
TEL: (304) 345-3086 


WISCONSIN 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Allied Electronics 
New Berlin 
TEL: (414) 796-1280 


Arrow/Schweber 
Brookfield 
TEL: (414) 792-0150 


Hamilton Hallmark 
Milwaukee 
TEL: (414) 780-7200 


Newark Electronics 
Madison 
TEL: (608) 278-0177 


Milwaukee 
TEL: (414) 453-9100 


Wyle Electronics 
Milwaukee 
TEL: (414) 879-0434 


Zeus, An Arrow Company 


TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 


Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Puerto Rican 

Authorized Distributor 
Hamilton Hallmark 
Suite 318 
S1 Mariolga Luis Munoz-Marin 
Caguas, Puerto Rico 00725 
TEL: (800) 327-8950 


South American 
Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 
Graftec Brasil Ltda. 
Rua Baronesa de Itu, 
336 cj. 51/52 Sao Paulo - SP 
CEP: 01231-000 
TEL: 55-11-826-1666 
FAX: 55-11-826-6526 


North American Authorized Distributors and Corporate Offices 


Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 

(SAB Status) 

7550 E. Redfield Rd. 

Scottsdale, AZ 85260 

TEL: (602) 483-9400 
(800) 608-9494 

FAX: (602) 443 3898 


Allied Electronics 
7410 Pebble Dr. 

Ft. Worth, TX 76118 
TEL: (800) 433-5700 


Anthem Canada 

300 North Rivermede Rd. 
Concord, Ontario 
Canada L4K 3N6 

TEL: (416) 798-4884 
FAX: 416 798 4889 


* Field Application Assistance Available 


Arrow/Schweber 
Electronics 

25 Hub Dr. 

Melville, NY 11747 
TEL: (800) 777-2776 


Bell Microproducts 


1941 Ringwood Avenue 


San Jose, CA 95131 
TEL: (408)451-9400 
FAX: (408)451-1600 


EMC/Kent Electronics 
1150 West Third Avenue 


Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 


TEL: (617) 769-6000, x156 


FAX: 617 762 8931 
Hamilton Hallmark 


10950 W. Washington Blvd. 


Culver City, CA 90230 
TEL: (800) 332-8638 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
(800) 367-3673 
FAX: 312 275-9596 


Wyle Electronics 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (800) 414-4144 
FAX: 801 226-0210 


Zeus Electronics, 

An Arrow Company 
2900 Westchester Avenue 
Purchase, NY 10577 
TEL: (800) 524-4735 


Obsolete/Discontinued 


Products: 
Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


European Sales Offices, Representatives and Authorized Distributors 


European Sales Independent Electronic ; Avnet EMG Hartmut Welte 
Components 79, Rue Pierre Semard Traubenweg 7 
Headquarters Poppelskellet 2 PB. 90 D - 88048 Friedrichshaf 
Harris Semiconductor OP PaShene B. - riedrichshafen 


Mercure Center 

Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 

FAX: 32 2 724 2205/...09 


AUSTRIA 
Avnet E2000 
Waidhausenstrasse 19 
A - 1140 Vienna 
TEL: 43 1 911 28 47 
FAX: 43 1 911 38 53 


EBV Elektronik 
Diefenbachgasse 35 
A- 1150 Vienna 
TEL: 43 1 89 41 774 
FAX: 43 1 89 41 775 


Spoerle Electronic 
Heiligenstadterasse 50-52 
A- 1190 Vienna 

TEL: 43 1 360 46-0 

FAX: 43 1 369 22 73 


* 


DK-2000 Frederiksberg 
TEL: 45 3645 1206 
FAX: 45 3645 1205 


EASTERN COUNTRIES 
GRADER Friedhelm 
Richard-Reitzner-Allee 4 
G-85540 Haar 
TEL: 49 89 462 63 110 
FAX: 49 89 462 63 149 


Spoerle Electronic 
Charkovska 24 
CZ-10100 Praha 10 
Czechoslovakia 
TEL: 42 2 73 13 54 
FAX: 42 2 73 13 55 


Spoerle Elektronic 
ul. Domaniewska 41 
PL-02672 Warszawa 
Poland 

TEL: 48 22 60 60 447 
FAX: 48 22 60 60 348 


F-92322 Chatillon Sous Bagneux 
TEL: 33 1 49 65 27 00 
FAX: 33 1 49 65 25 39 


CCl Electronique 

12, Allee de la Vierge 
Silic 577 

F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 


EBV Elektronik 

3 rue del la Renaissance 
92184 Antony cedex 
TEL: (33) 1 40 96 30 00 
FAX: (33) 1 40 96 30 30 


SEI/3D 

Z.|. des Glaises 

6/8 Rue Ambroise Croizat 
F - 91127 Palaiseau 

TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


GERMANY 


* 


* 


* 


* 


TEL: 49 7544 72555 
FAX: 49 7544 72559 


Avnet/E2000 
Stahigruberring, 12 

D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


EBV Elektronik 
Ammerthalstrasse 28 
D-85551 Kirchheim- 
Heimstetten 

TEL: 49 89 99 11 40 
FAX: 49 89 99 11 44 22 


Indeg Industrie Elektronik 
Emil Kommerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 51700 

FAX: 49 6331 9 40 64 


Sasco Semiconductor GmbH 
Hermann-Oberth Strasse 16 


BELGIUM FINLAND Harris Semiconductor 
ACAL Arrow Field OY * Richard-Reitzner-Allee 4 D - 85640 Putzbrunn 
Niittylantie 5 D-85540 Haar TEL: 49 89 46 11-0 


Lozenberg 4 

B - 1932 Zaventem 
TEL: 32 2 720 59 83 
FAX: 32 2 725 10 14 


EBV Spoerle Electronic 
Keiberg II 

Minervastraat, 14/B2 
B-1930 Zaventem 

TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 
Excelsiorlaan 35B 

B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


DENMARK 
Arrow-Exatec A/S 
Mileparken 20E 
DK-2740 Skoviunde 
TEL: 45 4492 7000 
FAX: 45 4492 6020 


Avnet Nortec A/S 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 4488 0800 
FAX: 45 4488 0888 


EBV Elektronik 
Ved Lunden 9 

DK - 8230 Abyhoj 
TEL: 45 86 25 04 66 
FAX: 45 86 25 06 60 


EBV Elecktronik 
Gladsaxevej 370 

DK - 2860 Soborg 
TEL: 45 39 69 05 11 
FAX: 45 39 69 05 04 


* 


* 


FIN-00620 Helsinki 
TEL: 358 9 777 571 
FAX: 358 9 798 853 


Avnet Nortec OY 
Italahdenkatu, 18 
FIN-00210 Helsinki 
TEL: 358 9 61 31 81 
FAX: 358 9 69 22 326 


EBV Electronics 

Pihatorma 1A 

SF - 02240 Espoo 

TEL: 358 9 855 77 30 
358 9 855 77 90 

FAX: 358 9 855 04 50 


Harcomp Electronics OY 
Syvalahdentie 79 

SF - 51200 Kangasniemi 
TEL: 358 59 432031 

FAX: 358 59 432367 


FRANCE 

Harris Semiconducteurs 
2-4, Avenue de |'Europe 

F - 78941 Velizy Cedex 

TEL: 33 1 34 65 40 80 (Disty) 

TEL: 33 1 34 65 40 00 (Sales) 

FAX: 33 1 39 46 40 54 (Sales, Finan) 
FAX: 33 1 34 65 09 78 (Sales) 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 06 99 


* 


TEL: 49 89 462 63 0 
FAX: 49 89 462 63 133 


Harris Semiconductor 
Kieler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 


Harris Semiconductor 
Kolumbusstrasse 35/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 


Ecker Michelstadt 

In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstadt 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 2300 30 
FAX: 49 2502 2300 18 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 609 7004 
FAX: 49 89 609 8170 


Hans Flogel 
Kielerstrasse 31b 
D-25451 Quickborn 
TEL: 49 4106 50502 07 
FAX: 49 4106 68850 


* 


FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 304-8 
FAX: 49 6103 3044 55 


GREECE 


EBV Electronik 
Anaxagora Street 1 
GR-17778 Travros (Athens) 
TEL: 30 1 34 14 300 

FAX: 30 1 34 14 304 


Semicon 

104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 


ITALY 


* 


Aviv Electronics 

Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 748 3232 

FAX: 972 9 741 6510 


Harris Semiconductor 

Viale Fulvio Testi, 126 
I-20092 Cinisello Balsamo, 
(Milan) 

TEL: 39 2 262 22 21 31 (Italy) 
TEL: 39 2 262 07 61 (Rose) 
FAX: 39 2 262 22 158 (Rose) 


FARRIS 


SEMICONDUCTOR 
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* Field Application Assistance Available 


European Sales Offices, Representatives and Authorized Distributors (continued) 


Avnet EMG 

Centro Direzionale 
Via Novara, 570 

| - 20153 Milano 

TEL: 39 2 38 19 01 
FAX: 39 2 38 00 29 88 


Claitron 

Via Enrico Fermi, 8 

I - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


EBV Elektronik 

Via C. Frova, 34 

I - 20092 Cinisello Balsamo 
TEL: 39 2 660 96 290 
FAX: 39 2 660 170 20 


FG Microdesign 

Via A. Simoni 5 

l-4001 Anzola Dell’Emilia 
TEL: 39 51 73 20 95 
FAX: 39 51 73 24 91 


Lasi Elettronica 
Viale Fulvio Testi 280 
] - 20126 Milano 
TEL: 39 2 661 431 
FAX: 39 2 661 01385 


Silverstar CELDIS 
Viale Fulvio Testi 280 
] - 20126 Milano 
TEL: 39 2 661 251 
FAX: 39 2 661 013 59 


NETHERLANDS 
Acal 

* Beatrix de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 250 2602 
FAX: 31 40 251 0255 


EBV Elektronik 
Planetenbaan, 2 : 
NL - 3606 AK Maarssenbroek 
TEL: 31 346 58 30 10 

FAX: 31 346 58 30 25 


Spoerle Electronic 
Coltbaan 17 

NL - 3439 NG Nieuwegein 
(Utrecht) 

TEL: 31 30 609 1234 
FAX: 31 30 603 5924 


Spoerle Electronic 
Postbus 7139 

De Run 1120 

NL - 5605 JC Eindhoven 
TEL: 31 40 230 99 99 
FAX: 31 40 253 5540 


NORWAY 
Arrow- Tahonic 
Sagveien 17 
P.O. Box 4554, Torshov 
N-0404 Oslo 
TEL: 47 22 37 84 40 
FAX: 47 22 37 07 20 


* 


* 


* 


* Field Application Assistance Available 


Avnet Nortec A/S 
Box 123 

N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 
Amitron-Arrow 
Quinta Grande, Lote 20 
Alfragide 
P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SOUTH AFRICA 
Allied Electronic 
Components 
10, Skietlood Street 
Isando, Ext. 3, 1600 
P.O. Box 69 
Isando, 1600 
Transvaal 
TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 
FAX: 27 11 974 9683 


SPAIN 
Elcos 
c/Avda Europa, 30 1 B-A 
SP 28224 Pozuelo de 
Alarcon/Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


Amitron-Arrow 
Albasanz, 75 

SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

Centro Empresarial Euronova 
Ronda de Poniente, 

4 Ala Derecha 

1A Planta, Officina A 

SP - 28760 Tres Cantos 
Madrid 

TEL: 34 1 8 04 32 56 

FAX: 34 1 8 04 41 03 


SWEDEN 
Harris Semiconductor 
Centralvagen, 12 
S - 171 44 Solna 
TEL: 46 8 270 660 
FAX: 46 8 270 656 


Arrow TH:s 

Box 3027 
Arrendevagen 36 

S - 16303 Spanga 
TEL: 46 8 36 29 70 
FAX: 46 8 761 30 65 


Avnet Nortec AB 
Englundavagen 7 
P.O. Box 1830 

S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


* 


EBV Elektronik 
Derbyvagen 20 

S - 21235 Malmo 
TEL: 46 40 59 21 00 
FAX: 46 40 59 21 01 


SWITZERLAND 


* 


Avnet E2000 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41 4276 11 11 
FAX: 41 1 2761234 


EBV Elektronik 
Vorstadtstrasse, 37 
CH - 8953 Dietikon 
TEL: 41 1 745 61 61 
FAX: 41 17415110 


Guidici Mauro O&T GmbH 
Florastr 34 

CH-8610 Uster 

TEL: 41 1 9943290 

FAX: 41 1 9943291 


Spoerle Electronic 
Cherstrasse 4 

CH-8152 Opfikon-Glattbrugg 
TEL: 41 1 874 6262 

FAX: 41 1 874 6200 


TURKEY 


EBV Electronik 

Bayar Cad. Gulbahar Sok No 17 
Perdemsac Plaza D:131-132 
TK-81090 Kazyatagl/Istanbul 
TEL: 90 216 463 1352/3 

FAX: 90 216 463 1355 


EMPA 

Besyol Londra Asfalti 

TK - 34630 Sefakoy/Istanbul 
TEL: 90 212 599 3050 

FAX: 90 212 599 3059 


UNITED KINGDOM 


* 


Harris Semiconductor 
Riverside Way 
Watchmoor Park 
Camberley 

Surrey GU15 3YQ 
TEL: 44 1276 686 886 
FAX: 44 1276 682 323 


Laser Electronics Ltd. 
Ballynamoney 
Greenore 

Co. Louth, Ireland 

TEL: 353 4273165 
FAX: 353 4273518 


Complementary Technologies 
Comtech House 

28 Manchester Road 
Westhoughton 

Bolton 

Lancs, BL5 3QJ 

TEL: 44 1942 851 800 

FAX: 44 1942 851 808 


Stuart Electronics 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 1555 751572 
FAX: 44 1555 750028 


Arrow Jermyn 

St Martins Business Centre 
Cambridge Road 

Bedford MK42 OLF 

TEL: 44 1234 270027 

FAX: 44 1234 214674 


Avnet Access 

Jubilee House 

Jubilee Road, Letchworth 
Hertfordshire SG6 1QH 
TEL: 44 1462 480888 
FAX: 44 1462 488567 


EBV Elektronik 

EBV House 

7 Frascati Way, Maidenhead 
Berkshire SL6 4UY 

TEL: 44 1628 783 688 

FAX: 44 1628 783 811 


Electronic Services 
Edinburgh Way., Harlow 
Essex CM20 2DF 

TEL: 44 1279 626777 
FAX: 44 1279 441687 


Farnell Components 
Sales, Mktg & Admin Center 
Canal Road, Armley 

Leeds LS12 2TU 

TEL: 44 1132 790101 

FAX: 44 1132 311706 


IEC Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 

TEL: 44 1628 76176 

FAX: 44 1628 783799 


Hollybank 

13 Burn Bridge Oval 

Burn Bridge, Harrogate 
North Yorkshire, HG3 1LR 
TEL: 44 423 871553 


Harris Semiconductor 


Chip Distributors 
Die Technology 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


_ Asian Pacific Sales Offices, Representatives and Authorized Distributors 


AUSTRALIA 
Avnet VSI Electronics Pty Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


BBS Electronics Australia 
Unit 24, 5-7 Anella Avenue, 
Castle Hill, NSW, 2154 

PO Box 6686 

Baulkham Hills, NSW, 2153 
TEL: 612-8945244 
FAX:612-8945266 


CHINA/HONG KONG 
Harris Semiconductor 
China Ltd 
* Room 3005 88 Tong Ren Road 
Shanghai, 20040 China 
TEL: 86-21-6247-7923 
FAX: 86-21-6247-7926 


Harris Semiconductor 
China Ltd. 

Unit 1801-2, 18th Floor 
83 Austin Road 
Tsimshatsui, Kowloon 
TEL: (852) 2723-6339 
FAX: (852) 2724-4369 


Edal Electronics Co., Ltd. 
Room 911-913, Chevalier 
Commercial Centre, 

8, Wang Hoi Road, 
Kowloon Bay, Kowloon 
TEL: (852) 2305-3863 
FAX: (852) 2759-8225 


Golden Way Electronics 
(HK) Ltd. 

Unit 11, 33/F 

Wharf Cable Towers 

9 Hoi Shing Road, 

N.T. Hong Kong 

TEL: (852) 2499-3109 
FAX: (852) 2417-0961 


Lucas Trading 

Unit A, 8F 

88 Hung To Road, Kwun Tong 
Kowloon, Hong Kong 

TEL: 852-3044023 

FAX: 852-3040065 


Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 

Hung Hom, Kowloon 

TEL: (852) 2334-8188 

FAX: (852) 2334-8649 


Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Cir. 
396 Kwun Tong Road 
Kowloon 

TEL: (852) 2790-8073 

FAX: (852) 2763-5477 


* 


* Field Application Assistance Available 


Array Electronics Limited 
24/F Wyler Centre, Phase 2 
200 Tai Lin Pai Road 

Kwai Chung 

New Territories, Hong Kong 
TEL: (852) 2418-3700 

FAX: (852) 2481-5872 


Inchcape Industrial 

10/F, Tower 2, Metroplaza 
223 Hing Fong Road, 

Kwai Fong 

New Territories, Hong Kong 
TEL: 852-2410-6555 

FAX: 852-2401 -2497 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 


Graftec Elec 

49 J.C. Road 
Bangalore 560002 
TEL: (91) 80 223 3346 
FAX: (91) 80 222 6490 


Graftec India 

No 143 Lakshmi Building 
R.V. Road, V.V. Puram 
Bangalore 560004 
Karnataka 

TEL: (91) 80-661 1095 
FAX: (91) 80-222 6490 


BBS Electronics (India) Pvt Ltd 
309 Richmond Tower 

No 12, Richmond Road 
Bangalore 560025 

TEL: (91) 80-221-7912 

FAX: (91) 80-227 8043 


S M Creative Electronics Ltd 
10 Electronic City 
Sector 18, Gurgaon 122015 
Haryana 
TEL: 91 124 342 137/237/1551 
FAX: 91 124 236 or 

91 11 622 8474 


INDONESIA 
P.T. Silicontama Jaya 
Jalan A.M. Sangaji No 15 B4 
Jakarta Pusat 
TEL: (62) 21-345 4050 
FAX: (62) 21-345 4427 


SELC Sumber Elektronic 
JL Jend A Yani #298, 
Bandung 40271 

TEL: (62) 22-706-056 
FAX: (62) 22-703-622 


JAPAN 
Harris K.K. 

* Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
FAX: (81) 3-3265-7575 


Hakuto Co., Ltd. 

1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 

FAX: 81-3-3355-7680 


Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 

TEL: 81 3-3348-0611 

FAX: 81 3-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 81 45-939-6116 
FAX: 81 45-939-6117 


Micron, Inc. 

DJK Kouenji Bidg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 81-3-3317-9911 
FAX: 81-3-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bidg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 81 3-3564-6822 

FAX: 81 3-3564-6870 


Takachiho 

2-8, 1 Chrome, Yotsuya 
Shinjuki-Ku, Tokyo 

160 Japan 

TEL: 81 3-3355-6695 
FAX: 81 3-3357-5071 


Takumi Shoji Co 

3 Maruzen Bid, 6F 
6-16-6 Nishi Shinjuku, 
Shinjuku-Ku, Tokyo 160 
TEL: 813-3343-9605 
FAX: 813-3343-9624 


AUTOMOTIVE REP/DISTRI 
Continental Far East Inc. 
3-1-5 Azabudai 
Minatoki, Tokyo 106 
TEL: 81-3-3584-0339 
FAX: 81-3-3588-0930 


* 
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Mitsuiwa Shoji Co., Ltd. 
Namikibashi Bldg. 
3-15-8 Shibuya 
Shibuya-Ku, Toyko 150 
TEL: 81 3-3407-2181 
FAX: 81 3-3407-1472 


Nissei Electronics Ltd. 
Hitachi Atago Bldg. 
2-15-12 Nishi-Shimbashi 
Minato-Ku, Tokyo 105 
TEL: 81 3-3504-7921 
FAX: 81 3-3504-7900 


KOREA 


Harris Semiconductor YH 
RM #419-1 

Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 

TEL: 82-2-551-0931 

FAX: 82-2-551-0930 


H.B. Corporation 

Rm #1409, 

Seocho World Officetel, 
1355-3, Seocho-Dong, 
Seocho-Ku, Seoul 137-020 
TEL: 82-2-3472-3450 

FAX: 82-2-3472-3458 


Graftec Korea 

Room #611, Yongsan 
Electronic Offetel, 16-548 
3-Ga Hankang-Ro, 
Youngsan-Gu, Seoul 
TEL: 822-715-8857 

FAX: 822-715-8859 


Inhwa Company, Ltd. 

Room #305, Daegyo Bldg., 56-4, 
Wonhyoro 3GA, 

Young San-Ku, Seoul 140-113 
TEL: 822-703-7231 

FAX: 822-703-8711 


Kumoh Electric Co., Ltd. 
203-1, Yoido-Dong, 
Young Duing Po-Ku, Seoul 
TEL: 822-782-9393 
FAX: 822-782-9388 


Segyung Techcell Co., Ltd. 
Dansan Nonhyun Bldg., 270-45 
Nonhyun-Dong, 

Kangnam-Ku, Seoul 135-010 
TEL: 822-515-7477 

FAX: 822-515-8889 


MALAYSIA 


BBS Electronics (M) Sdn Bhd 
Lot 2-01, Wisma Denko 

41, Lorong Adu Siti 

10400 Penang 

TEL: (604) 228 0433 

FAX: (604) 228 1710 


SALES OFFICES 


—_ 


Asian Pacific Sales Offices, Representatives and Authorized Distributors (continued) 


NEW ZEALAND SINGAPORE TAIWAN Galaxy Far East Corporation 
Arrow Components (NZ) Harris Semiconductor Pte Ltd. Harris Semiconductor 8F-6, No. 390, Sec. 1 
Limited * #1, Tannery Road 09-01 * Room 823, N. 144, Sec. 3 Fu Hsing South Road 
19 Pretoria Street Cencon 1, Singapore 347719 Ming Chuan East Road Taipei, Taiwan 
PO Box 31186 TEL: 65-748-4200 Taipei 10464, Taiwan, R.O.C. TEL: (886) 2-705-7266 
Lower Hut FAX: 65-748-0400 TEL: (886) 2-716-9310 FAX: (886) 2-708-7901 


TEL: (64) 4 570 2260 
FAX: (64) 4 566 2111 


PHILIPPINES 


Uraco Technologies 
Philippines Inc. 

Unit 12A/310 Project J.P. Rizal 
St. Project 4 

Quezon City, 1109 

TEL: (632) 922 2250 

FAX: (632) 922 8709 


BBS Electronics Pte, Ltd. 
1 Genting Link 

#05-03 Perfect Indust. Bldg. 
Singapore 1334 

TEL: (65) 748-8400 

FAX: (65) 748-8466 


FAX: (886) 2-715-3029 


Applied Component Tech. 
Corp. 

8F No. 233-1, Pao-Chia Road 
Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 

FAX: (886) 2 9171895 


TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. 
Rd. 

Taipei, Taiwan 

TEL: (886) 2-555-9676 

FAX: (886) 2-558-6006 


THAILAND 


Electronics Source Co., Ltd. 
138 Banmoh Rad. 

Pranakorn, Bangkok 10200 
TEL: 66-2-2264145 

FAX: 66-2-2254985 


Have you tried Harris’ AnswerFAX 24-Hour On-Demand Product Information Service? 
(407) 724-7800 


GIVE US A CALL... Harris’ toll-free number is 1-800-4-HARRIS (1-800-442-7747). You can request literature, 
get information on sales locations, or be connected to our Central Applications Group. 


SEE US ON THE NET... Harris’ home page is http:/www.semi.harris.com or E-mail our Central Applications 
Group at centapp@harris.com for Technical Assistance. You'll find product information, design software, 
information on what’s new and much, much more. There are over 1,000 documents (datasheets, application 
notes, etc.) loaded with an easy-to-use search engine. 


Go SEMICONDUCTOR 


www. semi. harris.com 


For complete, current and detailed technical specifications on any Harris devices, please contact the nearest 
Harris sales, representative or distributor office. Literature requests may also be directed to: 


Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
TEL: 1-800-442-7747 FAX: 407-724-7240 


* Field Application Assistance Available 
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We’re Backing You Up with Products, Support, and Solutions! 


Signal Processing 
Linear/RF 

Data Converters 

DSP Functions 
Operational Amplifiers 
Multiplexers/Switches 
Sample and Hold 
PRISM™ Radio Chip Set 


Digital CMOS 

Microprocessors and 
Peripherals 

Microcontrollers 

Logic 

Memories 


Communications 

Telecom Line Card ICs 

PRISM™ Wireless Radio 
Chip Set 

Software Radio ICs 

Communication ICs 


Video Decoders 
Video Encoders 
~ Audio Codecs. 
_ Audio Processors _ 
Video Processors 


Power Products 
Power MOSFETs 
IGBTs 

MCTs 

Protection Products 

- MOVs 

¢ MLVs 

¢ Surgectors 

¢ Diode Arrays 
Rectifiers 

Intelligent Discretes . 
MOSFET Drivers 
Power Drivers 

DC to DC Converters 
AC to DC Converters 
Multiplex Communication 
Class D Audio 

Motor Control 

Power Managment ICs 


—_ 


Hi-Rel and Space Rad Hard 


Products 

Logic 

*« CD4000 

* HCS/HCTS 

* ACS/ACTS 
Signal Processing 
¢ Multiplexers 

* Sample and Hold 
* Communications 
* Switches 

* Data Converters 
¢ Amplifiers 
Memories 

* SRAMs 

« PROMs 
Microprocessors and 
- Peripherals 
Microcontrollers 
Discrete Power 

¢ Bipolar 

« MOSFETs o 


ones eS 


PRISM™ is a trademark of Harris Corporation | 
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